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PEEFACE 



The documentation of 'large-scal^development endeavors in 
education is '3* phenomenon with which" the educational *R&D community 



/ 



ha3 had modest experience,' since /there has been little large-scale 
development to document. SWRJi<docuiiientation experience confirms 
the applicability of Derek/Trice's conclusion'n:egar4ing the litera- 
ture.of research and th^ literature of 'deve]/5^ent. 

A scholarly, publication is not ' a piece "of information 
but -an expression of 'the state of a scholar or ,a 
group, of scholars of 'a particular time. We do not, 
contrary to superstition, ^publi*sh ^ fact,'^a theory, 
or a finding, but some complex oV these .... If ' 
the paper is an expression of a person or several 
' persons working at the research front, we can tell 
* ' something about the relations among the people from 

» thp papers themselves .... -It seemSL that 

^ technologists differ markedly from both scientific 
• and nonscientif ic scholars. They have a quite 
different scheme. of social relationships, are dif- 
ferently motivated, ^nd display different personality 
' traits .[Price, 1970, pp. 7-t9 } . 

Clearly, the published paper is not, in general, the 
end product pf a worker in a technological subject r he 
appear^..^;^^ be instead concerned chiefly with the 
production of- an artifact or process. What th^n is 
the role of literature in technology? I .suggest 
Chat.-for the most part it is produced as an epipheno- 
menon. It cdmes about because tnany technologi$t'S • • 
have had scientific training and know full well the 
code of behavior of the scientist in which publicatio^^ 
is not merely right and proper, but a high duty an<J a 
behavior expected \>y peers and employers . * . . :^n 
general new technology vjill flow from old technology rather" 
. than from any , interaction there might* be betwegn the 

analogous buj^eparate structnireb of science and technology 
[Price, 19W, pp. 560-561]. ' ^ \ 

i 
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S'XRl experience has been that the course of^ a well^managed develop- 

i 

fnent etiort produceb considerable documentation but ihaf a good deal of 

the substance of the information exceeds structures and strictures of ' 

journal publication. ihe journal ^ticle coftstitutes an available 

medium, but the laundering of the information ^required ro use the medium 

* 

often washes out, the message. 

SWRL has found it -unproductive to treat information and documentation 

/' 

in the abstract as "communication prdblem;" A more useful approach is ' 

7 ' ^ • 

to consider operational^eans of making information pertinent to large- ' ' 
scale development in education conveniently available to "interested 
audiences. This perspective directs attenti-on to spec'ifying interested 
audien£:es and deVising communicat/idn compatible with their nee4r-to-know 
characteristics. SWRL information architecture recognizes several 
audiences. 

i 

Staff involved m the d^evelopment per se and the contract sponsor 
are two of t^e most immediate audiences addressed by SWRL documentat ion.v ' ' 
£omraunicatioi^. relevant to these- audiences 19 handled by SPL Technical 
NQtes and Technical Memoranda that chronicle the course of SWRL R&D 
Ihese documeuts^range in length from a few to a few hundred pages de- 
pending! upoxt rtieir nature. Some 200 of these Technical Notes and 
TecTiTiical Memoranda am issued duriifg the course of a"^ year — a stack 
several feet tall. 

} 
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A third audience is the invisible Colleges -iA which SX-JKL staff , 

'actively participate^ Collegial ex.change of selecv^ Technical Motes 

and Technical Memoranda serve this audience adequately. ' 

♦ . ' * 

Another audience, is product users. . A volume' of product working 
papers ^a.t brings together the documents associate||0.;ith the development 
of each product is issued at the time the product is made available 
for general use and provides relevant information for" this audience. 

% f 

This leaves phe general audience of students, scholars, and other 
members of the R&D community in education. SWRL yTechnical Reports and 
Professional Papers, largely accessed via the ERIC system, are directed 
to this broad audience. Journals, professional meetings, and other 
classical scientific and technical information exchange mechanp.sms are 
also uSed. ' * 



• But each of these mechanisms involves a packing and rationalizing , 
of information into independent pieces that inherently involves time 
-delays and loses some of the original flavor of the work in the process. 
To reduce th^ time interval and retain the freshness of the work, an 
Annual Working Papers series, has been initiated. The thematic topics 
that provide convenience categories for representing inquiry completed 
during the past year that is of timely interest to .a sector of the 
educational R&D community will be identified. The documents relevant 
to» these topics will then be organized into the volumes constituting 
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the Annual Working Papers fV^that year. "The Integration of Content, Task, 
and Skills Analysis Techniques In Instructional Design" is one of four such 



volumes for the 



year otfier three volumes of the 1972 SWRL Working 



P§£er£, available through the ERIC system it^clude the fqljowing titles: 



Protdtype Testing in Instructional Development < 
(Fred C. Niedermey^t^ editor) 

Computer-Based Systems to Facilitate Instructional Development 
(Joseph^F. Follettie and Frank Teplitzky, editors^*) 

Design of an Instructional Management System 

(John F. McManus, editor) - . f 
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THE INTEfc RATION OF CONTENT, .TASK, AND SKILLS ANALYSIS TECHNIQUES IN 
INSTRUCTIONAL -D'ESIGN ' - * ' 

David W. -Bessemer and Edward L. Smith . 



Tfie structure of knp.wledge Iji a 'particular' subject-fnatt'er disci- 
pline and the structure of behavior ip a given task-skill domain are 
often regarded as unrelated or even" antithetical bases for the system- 
atic design of- instruct iona 1 products arid procedures. In 9. more--' 
balanced view,, both kinds of -stru'cture. are complementary facets of a. ^ 
^well-organized .instructional system. But an a'dequate methodology ^-for \^ 
integrating the -two structures remaiijs to be-^ demonstrated. / 

The presfenD volume document? progress toward a methodology of 
ir^structional d^ign founded on the position that^^both learning .to know , 
and learning to do are essei^ial 'to the effectiveness of a given course 
of instruct iOTi. The methodology developed ,thus far deals with the * 
organization of a coordinated, structure of kn^i/ledge and behavior 
representative of proficiency in a \pecific sub jec^t-mat'tfer area. The 
methodology does'tjo't yet provide routine procedures ^fpr the derivation ' a 
. of instructional products and procedures, but lays the fpundjation^ for 
such procedures. ' t ^ ^ 

• The appKpach taken here developed out of' points of view from many 
sources; the work of Kuhn and Sqhwab on the structure of knowledge; 
the work of Gagne,* Scandura , .and others on task-skills analysis, types 
of learning, and the role of transfer in instructioi^;* the work of 
TyleV, feloom, ai\i others on th"e specification of instructional domains; 
and the work of Simon, Hunt, and others on, an information processing 
approach to the analysis of behavior.. All of these aspects are brought 
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together into'^a coherent methodology through the following basic 
assumptions: ^ » ^ V ^ 

1. Any subject-matter discipline is unified by a set 'of inter- 
related specia lifed conceptual systems. • • ' 

2. Many of the specialized conaeptual systems of a discipline 
share common logical* structures, and can be categorized by 
a few types of structural forms. 

3. Knowledge of a conceptual system and abilities in using that 
s/stem can be inferred from a dejfined set of observable 

, ' behaviors characteristic of that; type of concep^tual system. 

4. Common information processing strategies are applicable to 
the utilization of conceptual 'systems Sharing^ common 
structure. 

5. Appropriate instruction will produce vsizeable transfer op^- 

learning across conce At ua 1 systems sharing a common structure. 

Briefly described the methg/ology involves three distinct but 

^ ' 

inter-related techniques of analy.gj^: content , t^sk , and skills . In * 
content analysis (1) types of conceptual systems characteristic of a 
discipline .or subdiscipline are* idenftif ied , (2) networks of analytic 
concepts ar^ fuTmqlated, pro.viding a rejjresqntation of the logical 
structure for each type of system, and (3) specialized conceptual ^ 
systems are categorized According to type of network it exemplifies. 
In task analysis, performance, requirements relevant to specific types 
of conceptual systems are^idfntif ied. *^hese requirements are started 
as input-output rela£ions between analytic concepts in the same network 

f. ^ : 
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thus defltiing taskS/by means of theirs conceptual structure. In skills 
analysis, effective information processing strategies for the perfor- 
mance of particular ♦tasks are described. Thesie are prescriptions for 
behavior defined at a psychological level, and provide the basis for 
planning a'nd predicting transfer among tasks and across content. 

The papers presented in ^his volume are divided into two main 
sections. ' Papers iij Part I aresent the theoretical rationale under- » 



lying the proposed methods, and describe the procedure for skills ' 
analysis. Papers in Part II illustrate applications of content, task, ' 
and, skill analysis in the science inquiry area at the primary-grade . . 
level . stracts are appended summarizing additional related papers. 



/, 
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.Working Paper 1 

THE ROLE OF SKILLS ANALYSIS IN INSTRUCTIONAL DESIGN (TN 2-72-50) 
David W. Bessemer and Edward L. Smith 

Skills are ioferred psychological processes employed in the. per- 
formance of a task. -When performance changes as a result of learning, 
there is (by definition) S corresponding change in the operation of an 
underlying skill or system of skills. In jrecent years, an awareness - ' 
,has been* gfowing among those challenged with the solution of educational 
p.roblems t'hac a scientific understanding of skills is an important factor 
'in the design and development of improyed instructional systems. The 
capacity to achieve sjuch understandings and to apply them in solving 
educational problems, however, has^yet failed .to .increase substantially. 

The technology of skilly analysis remains -in an unsystematized 
state. There is still considerable confusion about how slcills should 
b*e ^conceptualized and related to content and tasks in an educational 
context. There is little .agreement on the appropriate level of 
analysis which should be adopted irt the description of skills, nor 
is there much consensus on the methods which can be t^sed to derive 
useful and accurate descriptions. Past attempts at skills analysis | 
have employed widely varying methods and levels of description. 
Several examples of skills analyses illustrating various approaches 
have been discussed in a recent review by Glaser and Resnick (1972). 
From these examples, only the haziest sort of image can be formed of 
the kind of product which can be expected to result from skills 
analysis and, the ways in which the results can be used to improve 
itistructional procedures. , ' ^ 
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A new approach to^skills analysis is presented b^low. The 



approach has been formulated in a systematic way which contributes 

^ y ' ' 

to the resolution of many ,of the uncertainties which presently 

^ \ 
surround this sort of enterprise. In the sections wl^lch follow, 

the uses of skills analysis are discussed, and a level of description 

i: V-^ ' ' ^ 

is selected which may serve to maximize the utility of the results. ^ 

^ ' , ■ ^ 

'A method of slialysis is presented, and related to conten't and^task 

analysis. r^Applicatlon of the results is illustrated in relation to 

the, desi'g^bf instruction to achieve lateral and vertical trans^fer. 

USES OF SKILL ANALYSIS 

Skills analysis, as conceived here> results in a /description of 
psychological processes operative during pefrformance of a given task. 
Such a^;description constitutes the central component of a. theory of 
performance for that task, and is essential as a foundation for the 
design of effective instruction involving that task,. 

There are at least four aspects of instructional design, including 
specification ofl) outcomes, 2) assessment instruments, ^ sequencing 
'of outcomes, and 4) specification of an instructional procedure for . 
each qutcome. Ihe way in which a theory of performance, can be used 



as a basis for deriving 3uch^^e^<;^ications has important implications 
for whsft the theory of peptbrmance should Se able to do, in terms of 
the kind' of inferences whfdl^^'thft^ , theory Njb<rai<i me*diate . 
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( 1) Specification of Outcomes '- 

For a number of years it l)as bein fe'enetally rec(>^ized that the 
goals of instruction couLd not be defined merely as "knowledge** or^ 



"understanding" of a certain domain of content (or information) 
consisting of con<;epts / facts , relationships, and principles. Such 
a definition implies' that some sort of cognitive representation of the 



content doinain h^s been acquired, but does not indicate vnat 



an 



individual shotri^ be able to do in that domain. Without a specifica- 
tion of the tasks which one should be able to perform, the existence, 
much less the utility of the cognitiY^ representation cannot be 
demonstrated, ' 

In reaction,^ to the vagueness of educational goals defined iVi terms 
of content, the 'more recent emphasis has been on behavioral objectives* 

The originators 'of this emphasis (Tyler, 1950; Bloom,^ 1956; Mager, 1962) 
have been primarily concerned with providing a firm operational basis 
for Evaluation, but such objectives have been used more and more as the 
^basis of planning instructional sequences and strategies. 

Written at] various levels of detail, behavioralv objectives are 
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ally taa^||: specifications. The stimulus conditions in which 

performance is ^o be observed is described or a^t least bounded by 

implicit limits, and the response or responses which qualify as, _ 

successful performance are defined. While behavioral objectives 

are sometimes rightfully criticized as too narrow in scope, or 

"as obscuring the overal^^ organization of content, the value and 

necessity of defining,,ta^ks is now commonly recognized. 

Not so commot^lv re^giiiized, however, is the f-act that a variety 

of educational outcomes *cati result from instructionvort a particular 

task, even when all s^udents^ fully, master the ta^k. To specify 
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instructional .o;attomes, some descriptiin must be provided of what is 
learned, or how the observable task performance is' carried out. ■ In 
complete form such a descrip^tiop would st^S what the underlying 
skulls. are, how they operate duri^ng task p^rioxmance and how they 
were acquired or reorganized during instruction. - 

Evidence for diversity .of learning In the sarfte task is abundant 
in psychological research on 'learning. A considerable portion of 

» ■ ^ • 

research an* learning is directed toward analyzing what is learned 

^ when a human or animal acquires the ability 'to perform some task^ 

One of the clearest exaipples of alternative modes of learning and 

> 

performance in a simple task comes f rom research on concept 
identification leaminlg. One can 'learn to perform this task either 
by discovering^the 'classification rule required to correctly sort 
positive and negative exempl'ars, or by rot'e learning s timulys-response 
associations to each exemplar presented. There is nothing ip the 
^ original learning data which clearly dif if^er^entiate^ phese 'altepi^tive 

outco^i^^. However, as-Lowenkron (1969) demonstrated, quite different 
> performance results on subsequent reversal tasks, or in classification 
of new exemplars. The rule learning subjects ,can torr^ctly classify 
new exemplars whereas the rote learners cannot. The rule l^amingv 
subjects reverse, rapidly*, but the rote learners slowly. • • 

A similar ^phenomenon shows tap in leaming-to-leam s^^i-es in 
animals. Both oats' and monkeys readily acquire the abj/Tity to perform 
one-trial reversals in a successive position paradigm,] the cats being-" 
even more rapid learners than the monkeys (Warren,' 1996) 
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, Subsequently , the^onkey can immediately perform an object discrimina- 
tion learning set at a high level, whereas the cats respond as if 
they haA received no^ prior training. This is true also when the 

successive reversal tasks^ based on object cues, rather than^ 
positions, although in that case the monkeys acquire the reversal 

T.earning set mo^r$ rapidly than the cats. . ^ 

Both of these* examples indicate that the supposed operational # 
|5recision of behavioral objectives is largely illusory. No successful 
Science has yet been ^uilt which" deals exclusively with directly 
observable events, and the behavioral sciences will not be the first 
exception. All sciences find it necessary to postulate unobserved 
{or unobservable) entities and pr;ocesses which relate to observables 
in •complex way^. It is *true that the job of specifying^outcomes in 
terms of skills will be mqre difficult, the nature and operation of 
skills wlj.1 have' to be inferred from indirect evidence. Nevertheless, 

\ * 

the gains in realism and power of prediction should make the effort 

V 

worthwhile, v 

Recent developments in psychological studies of learning 
indicate that pute^j^era'tionism in the style of the 1940' s and 1950' s 
is quite dead, 'All theoretical positions have been augmented by 
a diverse host of mediational, information processing, or statistical 
sampling mechanisms which increase both the precision and test^ability 



of the theoretical conceptions involved. 

In summary then, outcomes must be specified .in terms of skills 
if the generalization or transfer potential of instructional outcomes 
is to remain under control. Specification of skills requires. the 
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development of hypotheses about the skills enabling task performar/te. 
Such hypotheses mediate iDtedict* ons about observable phenomena, wRich 
permit indirect .verif icattpn of the hypotheses. I 
One common reaction to argument^ for specifying outcomes in teVms 

, of skills might be ttiat there is^little reason to care hoHy.th'e task is 
pirformed just so that it is performed. This reaction- would be entirely 
/valid if the tasks included all the performances which the instruction 
was intended to enable. However,^ educationj^is not provided simply ^ 
for the purpose of enabling the student* tp perform the items, of a 
posttest^ The whole justification of education is t>o provide th§ 
individual with capabi litieS^which can be used to handle the 

^requirements of various Averse circumstances which the Vagaries 
of life present. Thus, the particular skills which acquired 
make a great -deal ,of difference in what kinds of new situations the 
student will be able to handle. 

Presently, it is impossible to anticipate' completely what will 
be required^of any individual once he lea^s the educational system. 
This is particularly true when the rapid pace of cultural and 
technological change is considered. Nevertheless, it should be 
possible to determine what skills arid skill systems have the broadest 
transfer potential. The ^'ecological validity" of outcomes could also 
be investigated empirically, by examination of* cul^tural practices in 
relation to various disciplines, as well as the projection of future 
trends in the development of ^disciplines . The classical emphasis on 
*'understanding'* was correct, though Irncomplete, since it was based on 



the notion thart general cognitive' magtery of a system of 'ideas in a 

discipline was essential in dealing with novel situati'ons rela-ted to 
that discipline. ^ 
(2) Specification of Assessment 

TJ^s problem is closely related to the first. If a task can be 
performed in more than one way, then successful performance bn items 
of a particular type repre^nting "bqe task does not indicate how the 
task<was pe-rformed. It also becomes very difficult to think 
realistically. in terms of psychoiftetric models in which ability 
(and items) are arrayed on s.ome continuum ftom low to high ability 
(or easy to difficult items) -It sefems much more realistic to think 
of .variations in perfo'rmance among students as resulting* from di'fiferent 
fvtypes of learning so that sdmethixig akin to Lazarfeld's (1959) latent 
Structure model would be m^re useful. 

. \ . - ■ * . • „ V 

If the processes underlying performance are conceived of as ^ 
complex interacting system of skills, w4.th an overafl probability of 
correct resppnse generated ais some function of •the probabiJ^ties of • 
successful operation of var^jDus components, then a quite diff.^rent 
view of testing seems in order. 

t 

Suppose first that alternative skill systems are postulated as 
the basis' of *^t'ask performance. In this case, the objective' of testing 
^j||guld*be to diagnose which system is operati^re in the individual 
case. On the otl^r hand, if thse operation of a particular skill system 
has been established, the objective should be to diagnose the 
effectiveness of the system's functioning. 



In either case, a complex setie^ of items seems to be called for, 
rather than one item type for a particular task. Based on the kinds 
of hypotheses which were discussed above, the* items can be carefully 
designed to permit inferences to be made concerning whether or not 
the intended skill outcomes wei;*e achieved. Items c^n be designed 
to tap various skill cpmponents separately or in combination, or 
— designed to manipulate independent variables known to influence 
skill operation in predictable ways. The inferences would, then 
flow from the pattern of item performance, rather than frDm Artificial 
quantification of performance levels, 

^ The* payoff of a diagnostic approach to festing is obvious'. 
Diagnostic testing woald'be. clearly advantageous ijti formative evalua- 
tion, since it would pinpoint weaknesses in ins""tructional procedures. 
After development, diagnostic testirtg is an essential ingredi^i;it of 

J 4 

individualized instruction. Given the test results, readiness for 
subsequent instrt^ctioo can be determined, predictions made of 
instructi-onal time, and alternative routes or rimedial instruction 
prescribed as thfe , results* warrented. 



Diagnostic testing may not be practically imp lefn6nt able under 

present conditid^[is. However,^ moves in this direction are commonly 

regarded as desirable and iti^^yitable over the long t^rm, and they^ ^ 

I' 

would seem to follow naturally/ from the kind cff tlieoretical con- , ■ 
ceptions of human performante which should grow from intensive work 
in sl^ills analysis^^ Such prospect3 seem worthy of considerable 
investigation. 
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(3.) Sequencing of Instruction ' 

A student cannot work on ancf learn to perform many tasks at the 
.same time. When instructi^Dn' over the period of a course, unit, or 
even a lesson is. cons ixie red , the need for some plan for ordering the 

• sequence of inst ructional^'^^nts is obvious, Giveh a set of tasks 
which have be^n chosen^as a basisM^r instruction, the tasks can only 

* be mastered in\some order, and presum3bly>s§ome orders will be better 
than /Others in tWms of the overall effectiveness and efficiency of 
instruction. 

Most thinking ahout the sequencing of instruction is based on 
the task analysis work of Gagne C1970)\ Following techniques adapted/ 
from the .development of training in military and industrial settings, 
a complex behavioral objective is broken down into component perfor- 
mances which a're thought to be carried out during the overall complex 
performaiice* In some analyses, the components seem to represent the 
sequence of actual performances which* must be carried^ out in a particular 

order to perform the complex task. . In other analyses many components 

< 

seem to repre3ent performances which serve as the basis for acquiring 
other performances involved in *the complex task, but*^ which do not 
actually remain in the final form of performance which is achieved. 
Either way the task analysis replaces one co^pplex task with a series of 
oth6r tasks arranged in a hierarchical ordering. In Gagne's view, such 
a task hierachy can be presumed to lay out the proper orcjer of learning 
ahd instruction leading to mastery of the complex task/ Although the 
distinction between tasks and skills (Smith, 1972a) is often overlooker!, ' 
task, hierarchies are generally considered implicit hypotheses about 
underlying skill «st ruct\ires . 
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There does not seem to be any real basis for most such hypotheses. 
If the corivplex task consists of a sequence of steps which rrtust be 
carried out in a given 9rderv, separate tasks incorporating individual 

steps, can often be taught in a variety of orders\" It may be possible 

> 

to construct the sequence of behavior starting at the beginning, or 

the erid', or even in the middle. Furthermore, each of the steps can 

themselves be recognized as involving a complex systems of skills, 

and analysis of th^ skills for each step provides the'crin:ical ^ 

information needed t<> devise an appropriate orderifig of instruction. 

Take, as an example, novel word-decoding "based on spelling-sound 

correspondences rules. This task can be regarded as^ involving two 

steps: 1) 'production of a sounded-out version of the novel word 

and 2) blending of phonemic components to produce a word with correct 

pronunciation. Which of these should be taught first? Only analysis 

\ 

of the skills involved in tasks associated with each step and research 
based on hypotheses generated by such analyses can provide an answer. 

Situations in which certain performances serve as a'basis for 
'learning other performances seem to be more in line with Gagn^'s 
assumption. On a broad scale, it is quite likely that there are 
unavailable prerequisites- for many tasks which are inherent^ in the 
nature of the tasks themselves, and which can be easily identified 
without much" argument. Most educators would assume that the ability 
to perform arithmetical operations necessarily precedes training 
with, their abstract algebraic representations. It can be contended,, 
however, that some skill model is always implicit in such assumptions, 
and once examined explicitly the prerequisite relations often do not 
seem so compelling. , 

^ 



Classif icati'bn, for example, is based on a class rule involving 

the values of cr^terial variables. Thus one might easily suppose that^ 

/I * • 

the ability to describe elements in terms of values for those variables 
^ r • . 
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is prerequisite to classification. Yet, it is well known that the 
ability to classify can be taught, and is learned for many classes, * 
long tiefore description tasks based on variables and Values can be 
performed. The acquisition of^^value labels and- the copununication of 

f 9 

a class ruie^often seems to follow qn the heels of classification 

leaming itself . Detailed study of the skills involved should 
» 

reveal which order of instruction is likely to prove more . 
advantageous. 

"A majo^^defect of the Gagne approach is that it focuses*^ so 

much on the particular behavi'oral objectives in hand that it trends 

to obscure and fractionate the relationship among ^tasks wh±ch involve 

similar skills, ev^n though the tasks appear quife different. 

Given a series of objectives for reading, one is not likely to % 

consider how these tasks relate to those of spelling since the S-R 

relationships are essehtially reversed in the two cases. However, 

when one examines the underlying skills involved in reading and 

spelliri^, a considerable communality in skills is discovered which 

suggests .that they shoul(5hbe taught together in some fashion, rather 

than separately ot in some fixed order, l^en a word is spelled, 

the situation for word readings is inherently created. Certainly, 

much accuracy in spelling comes from the fact Chat mispellings which 
create unreadable nonwords will immediately be recognized as incorrect. 
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The primary criterfa which can be adopted for the design of 
sequences of instruction are that 1) the skills required to perform 
certain extra-scho6l tasks are provided in a timely fashign in relation 
to the demands which* the culture pYjtfies on the student, and 2) the 
. positive transfer potential to subsequent instruction is maximized 
while the negative transfer potential is minimized. ^ was pointed 
out in the discussion of outcomes above, detailed skill description 
is a key ingr-eder^t of any attempt to understand the utilization and ' 
transfer of learning, and in the design of instruction controlling 
these phenomena. , ^ . 

Much empirical information *on both the "ecological validity" of 
skills, ^d principles of skill application and transfer will be x 
needed;to' follow such criteria. Dejtailed skills analysis work 

promises to lead toward such information in a way which hierarchical 

♦ 

task analysis b^ itself cannot. Later sections of the paper deal with the 
problems of application and transfer in greater detail. 

* W specification of Instructional Stjrategies 

Instructional strategies are based on knowledge^ o^he events ^ 
and conditions which produce effective learning." Current 'recommenda- 
tions about instructional strategies are largely, based on task 
taxonomies. That is, varioiis types of tasks g^xe recognized, e^cH 
of which is supposed involve a' different kind ^of learning and t6 
require somewhat different events an4 conditions for that leart\ing 

•to take place efficiently. Gajgn^ (19?0), for example ha^ identified 
eight basic types Of learning, and has present€^ principles of . 
instruction applicable to each. *\ 
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' The recommendation is then made that tasks which define the 

objectives of instr)ictian be identified according to the type of 

Beaming involved, and an instruction strategy be designed based^ on 

tl?e principles for that type. ' ' • • ' * ^ 

• *• . ' . . 

\ The problem is that since most tasks involve a complex system of 

\* ' 
lany kinds o'f learning are involved in the mastery of a 

particularx task. Consider ag^in the sounding-out task mentioned 

above. A det'Biled analysis of skills'^nvolved in this task jithe 

presentation of which the reader will te'^pared) .suggests that at 

least^jfour, and perhaps, more of the typ|s 4f learning recognized^by 
■ . ■ . ^: . ^ ■• - , 

Gagu^ are involved in mastering this t^'^k. 

^ - The design of instructional strategies must start froip a, description 
6f the skill system available at the beginning of instruction, the skill 
svstem to be reached, and knowledge pf the way "in which experiences - 
ar^d practice modify skills or reorganize skill systems. Then a series 
of instructional events and practice requirements can be devised to 



move the initi^jL skill systeta through 'a series of stages to reach the. 
desired outcome '^st^ge . 



It should b\iclear that the nature dt the outcome dictates this 
process, while the task does^not. Given a particular concept identifica- 
tion task, one coul^d. design instruction to produce either rote learned 
associations between the partiqular stimuli used and the responses > 
6r to produce learning of a rule which would enable any stimulus to 
be classified.^ Which should be^ clone can only be based on a decision 
that one or other result is desired. 
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There Li great deal of psychological literature available on 
the nature of learning in many kinds of laboratory tasks. It has' ' 
been very di^^ult to-^pjiiy the results of this literature in 
designing instructional strategies since the" tasks involved in instruction 
are so unlike the standardized laboratory tasks. Task analysis alone 
cannot insure that the correct analogy has been drawn between a lab- 
oratory task and the' behavioral objective at issue, YeC the perfor- ' 
marfce of either draws upon some types of complex human performance ' 
skills possessed by every individual. When both , laboratory tasks and 
tasks selected for instruction are understood in terms of skills, then 
the way. in which the results of psychological research can be "applied ' 
is easily seen. If paired-associate learning involves skills in cue 

/ 

selection, storlge, retrieval, and response integration, then variables 
which influence these skills i« various ways as discovered in research 
on paired-associate learning can be manage^d for facilitating effects in-' 
l^tever' educational task involves these same types of skills. 

DEFINING AND ANALYZING SKILLS 

Various tactics have been adopted by psychologists and educators 
as a means of defining skills. In many cases- the distinction between 
skills and ta'^k petformance is not maintained, a skill simply being 
the ability to perform some task. A slightly more sophisticated 
approach defines skills indirectly in terms of tasks, as the mechanisms 
which underly the^ability to perform a given task, without bothering 
to'get more specific. Correlations of performance on different tas^cfi^ 
is often used to infef the pres'ence of common skills. 
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When more limited interests in pe,rformance are involved, particular 

characteristics of task stimuli or responses may be used to define skills. 

When the stimulus features of a task are held constant, or implicitly 

understood, a response-based definition is likely.. When the response 

features are constant or .understood, stimulus features may be used. 

Similarities in the stimulus or response features. of tasks are often 

> 

used to infer the presence of common skills. 

Another course is to define sk*ills indirectl^^in terms of the 
conditions or variables .which influence learning or performance on 
one or more tasks. When a particular variable influences performance 
on several ^tasks in a similar . fashion, the tasks often may be inferred 
to involve a common skill or skills. 

As the prior discussion suggested, all methods of defining skills 
io terms of tasks., or directly in terms of task performance are unsatis- 
factory. The only satisfactory way of dealing with unobservable entities \ 
is to postulate the exfstance*^f some mechanisms, assign properties to 
the mechanisms including some systematic connections to observables 
deduce observable consequences, ^nd check out the vjilidity of. the 
predictions in one vay or another. This method has become increasingly 
• dominant in psychological theory, and is the one adopted here. Thus, 
/ all the skills will be defined as covert, unobservable mechanisms 
^^^^Nia3rfiig some indirect relation to observablea 

A later paper will develop the method of skill -analysis in much ' 
greater detail so that only a brief sketch will" be presented here. 
The specific method grow5 out of very general assumptions about, the 
nature o.f. human performance and skills. 



> 



As a general working hypothesis, it is assumed that all task 
performances are mediated by an informati'on processing svst.em. The 
information is in the form of codes (representations, schema, concept 
images, or any 6ther words you like) and processing is carried out '"^ 
by nean^ of various kinds of operations which transform one code into 
another. A skill is defined jointly by the input and output codes, 
and the 'operation performing the transform action. Operations may 



•also be 
well. 



coded^ so that some skills transform operational codes, as 



Four general are^ of skills are recognized, as illustrated in 
i 

Figure 1. Skills in these areas form the processing system interposing 
between stimi^us and response in any task. First, there are input 
skills which receive external Stimuli and transform them into coded 
substitutes whidh are amenable to further processing. Second, there 
are processing skills which go through the various operations required 
to get from the stimulus codes to response codes which are required 
by the t?ask. Third, there are output skills, which convert response 
codes to observable behavior. Finally there are control skills, whioh 
transform operational codes, and act to regulate the sequencing and 
organization of the other three types. Also listed in the Figure 
are some common psychological terms used to refer to the kinds of 
skills involved. 

The qu^^ion rera^ains of how to use this machinery to generate a 
description of skills involved in performing a task. It is assumed' 
that there are (or can be) code^ for every relevant feature of the 
stipiulus situation. Additional codes are derived as needed from 
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INPUT 

attenti-bfaal 
verbal' and per- j 
ceptual skills 




CONTROL 
cognitive ' 
strategi-cs""^ 




PROCESSING 
associational 
and decision- j 
making skilly I 



OUTPUT 
verbal and 
motor skills 



performance , 



Fig. 1. , General skill areas assumed to be involved in any task 
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ry, assuming that the relevant ^past experiences have caused the 



codes to have been stored. N'ote that the codes avai/ahle to the svstem 
are controllable by manipulation either of the current environment or 
past experience. 

It is further assumed -that a^l codes are potentially connectable 

by some operations, if relevant training is given to establish the 

connections. Then given the codes and their potential connections, a 

plausib.le pathway is selected to carry, from stimulus codes to response 

codes. This pathway identifies a control program (or strategy) for 

the skill system involved ^n performance. On ex^ining^^thfe connections 

between codes, plausible forms of opej-ations to perform the transforma- 

tions can be postulated based on current theoretical conceptions of 

processes underlying behavior. The result is a description of a 

possible sequence of steps carried out to perform the task, where ^ 

each step is identified in terms of an operation and the codes which^ 

f 

ft 

serve as input and output in the step. - . ^ 

ff 

Such performance strategies and skill descriptions are not 
intended to be realistic descriptions of the way in which tasks are 
actually performed given any current instruction, although various 
ideas about htw tasks are performed may enter into their formulation^. 
The analyses are intended to produce descriptions of potentlaify 
trainable outcomes, which^will be descriptive of performance If 
instruction can be successfully designed to achieve such, outcomes . 
If thd availability of codes and the nature of connections are 
controllable through instruction, then the outcomes should be feasible. 
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In such an appro^'ch, many alternative skill systems can be 
proposed within the limitations of the task definition. The relative 
merit* of alternatives remains as a matter for judgment, research, and 
results of development and evaluation to decide. At presen^, the main 
objective is to arrive at skill descriptions which meet the need of 
instructional design, as they were ^j>«^4^ined in a prior section. 

The present approach is prescriptive, rather than descriptive, 
following the suggestion of Bruner (19^6). Once such outcome p-rescrip- 
tions are combined with systematic principles successfully dealing with 
the problems of instructional design, a theory of instruction of the 
kind whicl| Bruner proposed wilX»have been developed. 

RELATION TO CONTENT AND TASK ANALYSIS 

The applicability and generality of processes 'and strategies 
depend on the structure of the relevant conce^^tual systems and the 
overt performance requirements to be made on the individual.' Thus, 
the specifications for domains for skills analyses should reflect 
these two aspects of potential instructional outcomes. The specifica- 
tion of these aspects are primary purposes of content analysis and 
taslj. analysis, respectively. While content analysis identifies and 
describes the kinds of conceptual systems represented by the knowledge 

various disciplines and subdisciplines , task analysis identifies 
and describes the performance requirements relevant to a given kind ' 
of conceptual system. j 

Without, sufficiently broad content arrfd task analysis, there is no 

4 

basis for^ determining the applicability and generality of proposed 



processes and strategies.^ Furthermore, broad content and task analyses 
may be suggestive of general strategies whosf utility would not be 
evident from a narrower point-of-view. Analysis in the context of ^ 
isolated conceptual units or tasks might resuft in strategies w^ich 
wllL not be usefu4 for other tasks or when additional coi\ceptual 
units are in\^dlved. Attention to conceptual systems and sets of 
related tasks facilitates the identification of comprehensive 
strategies and insures that lower level strategies will be* compatible 
with them. 

.Another reason for the strong emphasis on cqntent and task • 

\ 

analyses -as a basis for skills analysis is t>.e relatively large amount 

of resources required for skills analysis. Careful selection of the 

» 

domain for skills ahalysis Ls required to enhance the probability of 
payoff without enormous expenditure of resources. 

Procedures developed for content analysis (Smith, 1972b, 1972c; 
Smith & McClain, 1972; McClain, 1972) involve the identification of 
the specialized or systemic concepts of a discipline (e.g., weight, 
32 pounds, carnivore) and their classification as examples of various ' ^ 
analytic concepts (e.g., variable name, value, art3 class name). The 
logical structure of many networks of systemic concepts can then be 
represented by a few networks of analytic concepts. This structure^' m 
influences the performance requirements which should be placed on the. 
learner as well as how these requirements can be fulfilled. 

A selected analytic network provides a focal point for task analysis 
(Smith, 1972c). Potentially important performaiTce requirements appropriate 
for an analytic" network can be described free yof systemic content. 



Tasks defined in this manner specify the logical operations required, 
but not the skills with which those operations can be carried out. 
A s6t of important tasks for a broadly applicable analytic network 
provides an appropriate focal point, for skills analysis. For example, 
an analytic network frequently found illustrated in primary science 
curricula is the variable-lvalue network. This network is exemplified 
by systemic networks such as those associated with weight, length, 
temperature, color, etc. A number of description, comparison, seriation 

4 

and sorting tasks have been identified as important competencies for 
such networks. Skills analysis identifies processes and strategies by 
which such tasks can be carried out. Strategies and processes found 
applicable to niany. tasks across a variety of these systemic networks 
can then be selected for development in instruction. 

CURRICULUM AREAS AND TYPES OF TRANSFER 

In their recent handbook on techniques of evaluation, Bloom, etal* 
♦ 

(1971), recommended that the educational objectives for a curriculum 

area be represented by a two-t^ay matrix, with types of tasks represented 

along one dimension, and areas of content along the other ' dimension. ' 

The ce-lll of this matrix then represent particular kinds of objectives, 

'(l.e,, task performance in relation to content), aT\d can be used as a 

basis for defining item formats*^ 

fhe techniques of content and task analysis briefly described 
* r * ► 

above enable such matrices to be prepared to reofesent a curriculum 

1- 

area with much greater precision than has previous^Jy'^^leen the case. 
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The proposed techniques suggest that a curriculum area can be 
represented by several such matrices one matrix for each analytic 
network. The columns of the matrix represent an inventory of the 
systemic networks which exemplify the analytic network, and the 
rows comprise an inventory of tasks defined in terms of analytic ^ 
concepts. 

So far, skills analysis has been discussed only in relation to 
tas-ks without regard to what^ systemic content the task might be 
applied to. It should be made clear that with each new s^t of 
^systemic content, there will be_^ content-specif ic skills to be, 
acquired. The implicit as^^ption has-been, however, that 
strategies ^and additional processing skills can be identified 
which will 'apply to all systemic networks subsumable under an 
anaJLytic network. Viewed in the context of a task-content matrix, 
•it can be seen that this extreme assumption is probably faulty,- at 
least to some degree. Certainly ,* there are special characteristics 
^ of some systemic Networks which will require special adaptation of the 
strategies and general processing skills. At the other extreme, too 
many such adaptations would make the notion of generally applicable 
strategies and processing skills meaningless. It seems reasonable 
to assume that the actual case lies somewhere in between, that is, 
that strategies 'and processing skills applicable across some range 
will extend across entire curriculum areas for many skills and even 
further for some. - ' * * . 

One main implication of curriculum representation by task-content 
matrices is that training on a variety of tasks with a variety of 
content is highly desirable. Furthermore, since training undoubtedly 
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da.nnot be conducted in, relation to every cell of the matrix, special 
provisions for transfer oir generalization of skills and strategies are 
required so that the results of training do in fact, have broad 
applicability. • ' * . ^ ^ 

As has been indicated in th^ prior sections on the specification 

of outcomes and instructional sequences, the primary contribution of 
Skills analysis 1:o instructional design is the basis it makes for the 
management of transfer. Two klUds of transfer can be distinguished 
which are related to the dimensions of task-content, matrices. Lateral 
transfer is the effect of learning to perform a^task with one kind of 
systemic content on the later learning of that same task with other 
systenric content. That is, lateral transfer is transfer of learning 

across the rows of a task-content matrix. Vertical transfer is the 

1^ 

*> 

effect of learning to perform one task with certain systemic content 

on the later learning for a different (generally mare comp^c) task 

for^^the^ame systemic network. That is, vertical transfer occurs 

between cells in the^same column of a task-content matrix. 

In general, vertical transfer results from the acquisition of 

i 

systemic procedures and concepts (i.e., the. acquisition- of skills 
with specific input and output codes). Lateral transfer, on the 
other hand, results from the acquisition of analytic concepts and 
procedures, (i.e., the abstraction and generalization of the - 
strategy or control program for a given task). The sections which 
follow discuss in detail phenomena of lateral and vertical Jfransfer 

and the design of instructional sequences to facilitate t^ransfer. 

» " » 

The views on transfer of* the present paper derive from work on 
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leaming sets in^ th^ case of lateral transfer^j^ and from work 
leamifrg hierarchies in the case of vertical transfer. 

VERTICAL TRANSFER AND LEARNING HIERARCHIES ' • 

^ A learning hierarchy is a sequenced set of .learning events by 

^ ^ which a. relatively complex skill system can be acquired step by step^ 
(Gagne, 1968; Smith, 1972a)* The primary consideration in the design 
of such a hierarchy is the achievement of substantial positive transfer 
from one learning event to the nex|:. The mechanism for such transfer 
is the acquisition of specific skills with particular input and output 
codes. Once acquired in the context, of relatively simple tasks, the 
skills are potentially available for iltilization in the performance 
of more complex tasks. The contribution of skills analysis to the 
design process is, first of all, to identify skill syst«jns with which 
important tasks can be carried out. Se^onfily, it provides a basis 
for identifying tasks which can be carried dut with smaller comp^oMnts 
of thos^- systems and can therefore s^rve as enroute learning stpps.. 
If the skills analysis is adequate and appropriate instructional 
procedures are employed, mastery of en>qute outcomes should develop 
skill components required for higher, level outcomes. Thie in turn 
should greatly facilitate the attainment of those outcomes. That 
is, mastering all. the outcomes in tli^ hierarchy in order shoiild 
require less time and/or result in higher levels of mastery than 
had the students simply practiced items for the terminal outcomes ' * 
themselves . 
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Skills analysis conducted on the basis of prior content and task 
analyses allows hierarchical relations to 'be defined between 'tasks, j 
fr^e of systemic content. Such relations ari expected to l>old across 
many of the -systemic networks exemplifying the analytic network in 
terms which the tasks are defined. 

% The hierarchical relationship and the role played bv skills 
analysis in it's explication are illustrated by the following examples. 
Figui^e 2 presents a strategy^ and hypc^thesized processes for j^erforming 
a directed* description task. ^In this task, the individual is presented 
with an element and' the name of the variable on which it is to be 
observed and described. A value describing the element on the named 
variable is required. The strategy defined for this task involves . 
matching^ the element^to one of a set of standards labeled with 
corresponding values. The strategy consists of a sequence of process- 
ing, steps and decision points. The processing ^steps are defined in 
terms of input and output codes. Thdy represent either primary processes, 
taken as primative functional units, ^r secondary processes, themselves 



defined in terms of primary processes.^ Several primary processes are 
involv.ed in the strategy illustrated i\ Figure 2, including interpret , 

find ,' notice and compare . The secondai'y process observe is involved 
'a humber of times. Many primary processes represent fundamental 

processes similar to those studied by psychologists. Others represent 
'more complex behavioral sequences which, because of their commoo 
occurrence in the evety6ay behavior of children may not ^need to be 

further analyzed. 
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t"igure 2. Strategy and processing steps for the directed descrip- 
tion task including the OBSERVE subroutine. » 
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Figure 3 prese^its a similar analysis of a directed comparison 
task, xln this task the individual is provided with two elements a^d . 
'the name of the variable on which th^y are to be compared. The 
requirement is^ai ^report as to whether or not the two elements ^re 
the'^same on the named variable. The strategy involves a comparison, 
of the appro4>riate perceptual, features of the elements. The skills 
analyses for th'ese two tasks indicate considerable similarity , in the 
processing skills required for a given set of systemic^ contetit. The 
directed comparison task involves the interpret , act , ^ selett and 
compare ^ primary prpcesses, -and the observe seccfhdary process in ^ 
much the same way as the directed description task. However, the 
description task strategy involves obtaining an appropriate set of 
standards ( find ) , multiple applications of the observe process, and 
the application of interpret and report to a value, none of which 
are involved in the directed comparison task strategy. The strategy 
for the comparison task also has fewer steps and fewer decision points 
and may therefore characterized as less complex. 

The similarity between these two strategies is clear. The 
decision' concerning which should be lower in the hieT^rchy seems 
reasonably clear, A complicating factor is the requirement of a 
verbal Response of ^*same" or'^^not the name'* found only in the com- 
parison task. However, this step does not s^em complex enough to 
outweigh the unique requirements noted for the description task 
strat^^igy,. Such judgements about the relative comp^lexity involved 
in th^^^uni^ requiretrtenCs for a pair of tasks Will be required in 
almost all cases. The reason for this is that some alternative means 
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. 'Figure 3. Strategy and processing Steps for the directed com- 
{iarisMpn task. , 
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of obtaining the needed in^ut and providing evidence for the output 
of a skill component roust be included to make up a task to serve as 
a vehicle for that skill component. Thus, a perfect hierarchy where 
each task involves only a subset df the skill Gpmponents of the next 
higher level task is, in practice, an unrealizable ideal. However, 
this does not imply thaL hierarchical sequencing of outcomes based 
on shared skill components is not possible or useful as an approach 
to instructional design. 

The en-route outcomes in a learning hierarchy are typically less 
copplex than the terminal outcomes, that is, £hey involve only some 
of the skill components required for the terminal outcome^ and^ few 
additional ones. One exception is ar^ "en-routV* Xjutcome which i^^ 
itself an important outcome of equal complexity, but which ph-sffes 
skill components with the "terminal" outcomes. The ordering of the 
two outcomes may be arbitrary, but the potenfial for positive transfer 
should not be ignored. 

The transfer effects anticipated on tihe basis of common skill 
structures such as those described above apply within a domain of 
systemic content. However, different systemic networks exemplifying 
the samp analytic network share common features of logical structure. 
It is therefore assumed that learning hierarchies can be designed 
so that the same en-route tasks are used for a variety of parallel 
systemic netwg>rks. This assumption is reflected in the above examples 
where the skill analvsis was described at the analytic rather ^than the 
systemic , level . Thus, the learning set acquisitioT^^iew of lateral 
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transfer can be t|)ought of -as applying to paralleT l4rriing hierarchies 
as^well as to (Individual) parallel tasks. It is not .^ss^med, however, 
that one kind of hierarchy will be applicable . to aU systemic networks* 

U 

% 

^exemplifyiiig a givA analytic network. Furthei; distinctions between 
classes tf^systemic content will almost certainly be^ required for 
purposes of leamihg hierarchy design, 

' • ,One further possible extension of the present approach which can 
be envisioned, but which is not treated here involves mastery of ^a ^ 
task ddmain. Following 'the proc^ures for content and task analysis 
which have been developed, it is theoretically possible to prepare an 
exhaust ivr^nventory of tasks in a domain relevant to a given content 
area. If all tasks in the domain are subjected to skills analysis, it 
is simil^arljjr possible to inventory all relevant skills and skills 
systems, ' ' . , 

It would certainly be impossible to directly teach all skills systems 
to ensure the irastery of all tasks far all content. However, it may be 
possible to insure that a sufficient variety of tasks are practiced 
toMnsure that all skill components are acquired. Furthermore, it 
may be possible to identify strategies for .skill recombination and 
reorganization which would ensure rapid mastery of any new task in 
the domain which might arise. Thus strategies might be devised jto 
promote vertical transfer as well as lateral transfer. 

This conception*goes well beyond that of Gagn^'s learning 
hiera;rchies. Aiming the skills analysis at a small number of selected 

terminal tasks barely scratches th6 surface of the potential for the '.^ 

\ 
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management of transfer which flows from the systematic relations 
, among content, tasks, an^skllls involved in the approach which has 
been presented here. * - s r 

LATERAL TRANSFER LEARNING SETS 

<^ When humans or animals^ are giveir a.-Lair^ge number of learning tasks 

^ ^ , , ^^^^ 

of the same type but -differing in content, mo^-^ oft:en tl^an not* .rapidity 

of learning each new task increases substantiaHy as successive tasks ' 

ate mastered. This progressive improvement in rate of learning has 

been termed "learning-how-to-learn," and the ability formed' to learn 

a new task rapidly has been^called a "learning-set." 

The outstanding example of learning-to-learn in animals is the 

object-discrimination learning set demonstrated by Harlow (1949). 

When rhesus monkeys are given a large number of two-choice object 

discrimination problems ^ each presented for a small constant number 

» 

of trials, the rat^ of learning each problem improves gradually. 
* After 400-bOO problems most monkeys show performance well above the 
9.0% level of correct responding on the second trial, whereas^ they may 
only have performed at the- 50%-60% level originally on that trial^^ 
Acquisition of a learning set has converted a slow, laborious learning 
process into one which is essentially complete after the initial trial 
which gives the animal the necessary information as to whether or not 
the object first chosen does or does not hide th^ reward placed in a ^ 
food well below the object. 



Similar cumulative positive transfer has been observed in many 
of the standard human learning paradigms. Probably the best understood 
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case of i>sj:Tung-tojlearn in humans is conceptual rule learning in 
the concept identrf1r<L^ion paradigm. Initially, there are wide 
differences in difficulty between concept-identification problems 
having different conceptual rules (Haygood & Bourne, 1965). Affi'ffna- 
tional rule problems are easiest, with conjunctive, disjunctive, 
conditional, and .biconditional rules being increasingly difficult in 
that order. After many problems have been learned with different 
Relevant dimensions but the same rule, the rate of learning each of 
these types of problems improves. timately , ' suf7^ci*er^^'imprav^^t)$'nt 
accrues until subjects are learning them in a minimal number of trials, 
the limit determined by the minimal amount of 'information required 
to identify the concept. The differences in difficulty have been - 
eliminated between the various rule types. 

The mechanisms which are 3,nvolved in leaming-to-learn phenomena 
are only- beginning to be understood. Yet in every casg which has 
been intensively^studied , the explanation for marked cumulative transfe 
seems to involve the acquisition of an information proce'ssing and 
learning strategy which enables successful performance on each new 
problem with little, if any, new learning required to handle the new 
content. That is, the relevant information about the^new content is 
gathered efficiently and used in a short-term fashion, avoiding'^the 
laborious and slow rote learning of S-R associations characteristic 
of the inexperienced learner, 

IniMally, rhesus monkeys learn discrimination problems ^bout 
the same way as any other animal, by acquiring approach or avoidance 
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tendencies toward the objects as a result^ of reinforcement and non- 
reinforcement. The experienced rhesus monkey , however, follows a 
win-stay, lose-shift strategy with respfect to objects (Levine, 1970). 
On the first trial some stimulus features of the object chosen on that 
trial are stored, together with information about whether reward ("win'' 
or "lose") occurred or not. On the second trial and later trials, this 
information serves as a complex cue for response selection base<^ on^ 
the rule "if 'wio,* on previous trials, stay with same object on next 
trial; if *lose,' shift to other objeet . " The fact that this^is a 
short term performance process, rather than more r^pid rote-learning 
^ ' is evidenced by the fact that within one hour of training the learning-, > 
set trained animal remembers little more about the correct object than 
an inexperienced animal, despite the much higher level of performance 
reached (Bessemer ^tollnitz, 1971). Evidence that the reward has a cue 
function rather than a rewarding one on the first trial comes from ex- 
periments on object alternation-learning set, which require a win-shift, 
lose-stay strategy just opposite to the normal one. Monkeys learn- 
how-to-learn such problems quite readily. That monkeys can learn to 

respond consistently to the object other than the one rewarded on the ^ 

I 

first trial is a finding difficult to reconcile with any traditional 
reinforcement theory. 

In the case of conceptual rule learning, the subject comes to adopt 
what has been called a truth table strategy (Haygood & Bourne, 1965). 
The exemplars can be identified as belonging^to one of four subclasses 

based on combinations of values ^or the relevant dimension. It onlv xemaihs 

o 

i 
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to determine which subclas-ses go with which responses. This can ,be 
done after one or. two exemplars are known. The inexperienced subject 
however, very likely begins by learning specific S-R associations for 
a considerable number of particular exemplars 'before abstraction and 
generalization occur permitting a general classification rule to^be 
discovered for -that new content. 

Befo.re learning-to- learn can occur, the learning problems which 
are presented must have a common structure which permits a common 
strategy to be utilized. Another requirement is that a large number of 
content examples must be available to provide sufficient experience 
with that type of task structure so 'that' a correct strategy can be 

learned^ - 
\ 

The procedures for content and task analysis in disciplines were, 
designed to 'establish task paradigms meeting these conditions. Content 
' is* classified and qrganized according' t(^nalytic networks so that a 
large number of systemic networks are available involving parallel 
conceptual structure. At the particular level, sets of materials 
can be constructed to exemplify each systemic netwbVk. Each set of 
materials can be used along with all of the types of tasks to establish 
learning-to -learn paradigms as a basis for empirical research on learn- 
ing sets with realistic school-subject content. This situation is 
analogous to. having a large number of pairs of, objects, and various. 
types 0/ problems based on the use of pairs of objects, or having a 
large number of sets of stimulus patterns using different relevant 
variables', which can be used with a variety of conceptual rules. 



Having -established task paradigms and parallel content, it 
woald then be possible to conduct a number of studies of leaiping-to- 
leani'to uncover and describe the kinds of learning and perf ormancf^* 
strategies which emerge in such paradigms, and which represent the 
learning sets which have developed. This is a basic research route 
which over the long term would permit one to select an effective 
strategy and design expli^cit instructional procedures to ensure that 
all children would acquire such a strategy. for each type of task and*' 
conceptual system involved in the relevant educational settings. 

A basic research approach, however, would be very time-consuming 
and expensive, given the large number of possible tasks associated with 
each analy|^ic network. Furthermore, children's strategies may not be 
the most efficient or broadly applicable. An alternative is to employ 
a prescriptive rather than a descriptive approach to the analysis of 
skills which are invplved in the learning and performance strategies. 

The present' assumption is that the strategies, or control , 
programs which regulate I'eaming and performance for a particular 
type of task, can be cfirectly taught given that the specific skills 
that> they regulate have been acquired. That is, once the conceptual 
codes which form the input and output of processing skills have 
been acquired, and the ability to perform the operations is available, 
^ a learning and performance strategy can be organized and acquired in 
the course ofc learning how to perform a certain type of task. 
Presumably, training of this kind with several systemic networks 
would be required for the full development and complete acquisition 
of the strategy. In subsequent encounters with that task and new 
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systemic content, the strategy will mediate lateral transfer once 
the relevant codes and the content-specific skills involved in the 

# 

task have been acquired. \ 

'The entire sequence of instruction relevaWr to an analy*ti9 
network can be envisioned so^mething as follows. First, the concepts 
of a systemic network are acquired and simple tasks involving basic 
skills for that network are learned." Mastery of these skills ' 
- facilitates the subsequent learning of more complex en-route tasks 
Vn a learning 'hierarchy. The strategies, that the children are 
taught to use in these tasks build up the strategies for the . 
terminal tasks which have ^n selected. This process is then 
repeated for another systemic network exemplifying the same 
analytic network. The specific skills requited for the new' 
systemic netwark are acqAiire'd^ but the same geTieral strategies 
^ are taught as the children master th« fask hierarchy with the new 
content. Thijp cycle is repeated for maljy new systemic networks , % 
Facilitation' of learning is likely to result as the child abstracts 
the strategy from the repeated systei^ic ^examples . This will probably 
allow considerable abbreviation of the task hierarchy for the 
later examples. It may ultimately permit terminal task performance 
to follow immediately the acquisition of the new systemic concepts 
and the basic skills for those concepts. 

Consider as an example the variable-yalue analytic network. 
Acquisition of a learning set for a task such as directed comparison 

I 

does not mean that one can perform this task immediately with arv^ 
variable. After the strategy for directed description has been acquired, 
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but before it can be applied' to a new variable-value system, the 
concepts of the new variable, the values, and the steps of the new 
measurement or observation procedure must b^ learned. Once skills 
based on these concepts have been acquired, and the basic operations 
which form the steps of the strategy can be carried out, the components 
are available which -permit the strategy -to run off to successful *task 

/ 

completion. 

The intifoduction of analytic concept llabels may enhance the 
lateral transfer effects of the acquisition of a strategy for 
i«mportant tasks. For example, the introduction of "temperature" * 
as "a new variable" signals that it has something in common with 
previously encountered variables, and may thus mediate the ap.plica- 
tion of the strategy. The availability of- analytic concept labels 
also make it prafctical, to present general verbal descriptions of 
the strategies themselves-. Of dour^e; it remains to be s^^en at what 
level sTich' devices may be successfully introduced.' « \. ' 

Analytic concepts and their labels permit, the definition of- 
analytic skills and strategies which are probably the substance of" 
very general and powerful inquiry skill. If a conceptual system 
representing the variable-value network and the class member network 
have , been acquired, for example, a student presented with an unfamiliar 
classification of elements may a^uire a strategy for discovering 

relevant variables and the class definition. In general, when the^ 
student is capable of iderlitifying what network is relevant from 
given comf^onents, he can be taught to inquire into the' nature c5f 
the missing components. 
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CONCLUSION 



A major goal of the Conceptual Skills Activity is^fthe identifica- 
tion of an interdisciplinary core of conceptual-semantic\coinplexes 
which can serve t^ mediate the subsequent acquisition of more specialized 
complexes. Another, closely related- goal is the specification of 
instructional systems which insure that this interdisciplinary core 
is acquired and util^ed in 'the course of further instructions The 
inifial approach to achievement of these goals envisioned a sequence 
of steps including a general specification of the K-6 curriculum 
content and organization, a comprehensive identification of specialized 
conceptual complexes, and finally the complete identification of a 
common interdisciplinary base of core concepts. The present paper 
fleshes out thisS9<rategy and, in the process, suggests that a good 
app'foximdtion of this base core may be identified prior to completion * 
Q,f the comprehensive iv^alysis originally envisioned. 

Content analysis of a subject matter area as described brieffy 
above results not only in a listing *of the specialized concepts 
involved, but also in characterization of the structure of the 
conceptual systems involved. It appears that a relatively small 
number of different types of conceptual system are involved in a 
subject matter area, and that similar types of systems recur in 
several areas. A particular type of conceptual system, represented 
by a general paradigm or analytic network, can then serve as a 
focal point for task analysis and skills analysis. Only a sample ^ 
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of representative specialized conceptual systems or systemic networks 
need be availabj,-^ for conducting the task and skills analyses and for 
carrying out empirical studies. 

The view of curricular content as sets' .of specialized examples 
of^a small number of analytic networks led to the s-election of a 
learning set acquisition view of xthe. mechanisms mediating subsequent 

/ 

• t 

learning of other specialized conceptual systems. The identification 

of a set of tasks appropriate to any specialized example of an analytic 
network defines a set of parallel learning problems. Skills analysis 
of th^, sort described above is required to identify strategies and 
processing skills by which the tasks Can be carried out. The inter- 
disciplinary core concepts which "mediate the subsequent learning of 
specialized concepts are, thus, the analytic concepts gradually 
formed as the learner acquires a sampling of systemic examples. 

'The pre'sent approach ^tc^. skills analysis is unique, not only by 
virtue of its close relationship to subject-matter content, but also 

in the extent to which it reaches out to the unmapped frontiers of 

If 

psychological research on cognitive processes. The specific mode of 
skill representation in terms of information^ processing steps and 
strategies is admittedly speculative and open to revision or even 
abandonment if experience proves it unproductive. The promise of the 
approach requires considerable evaluation in well-controlled experiment 
research designed to produce the kinds of transfer effects which are 
anticipated. In .addition, the practical consequences of 'follow!^ such 
a procedure shou^/d be examined in attempts^ to design and develop 
instructional protocols in realistic subject-matter contexts. 
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J • Working Paper 2 " ' 

AN lNF(8e^TI0N PR^OCESSING APPROAdTH TO SKILLS ANALYSIS (TN 2-72-49*) 
Janis 3^Cld€n and Edward L. Smith. 

V : 

In an effo^rt to establish an appropriate framework for the design 

of science instruction, Smith (1972> has identified several networks 

of inter;"elated analytic concepts. Thes>e -analytic networks represent 

abstractions of the structure of specialized conceptual systems 

characteristic of a discipline. E^h network is associated with a 

<^ . 

set of tasks generated from the components of the network (i.e., the 

■> 

anafytic concepts). Tasks, or performaace requirements described in 
terms of observable inputs and c^tputs , are differentiated from ^he 
hypothetical skills which underlie performance qf the task. Shared 

< 

underlying skills reveal the behavioral relations boftween tasks and 



a4,BP7 predictions of transfer between tasks; if a skill or group 
of skills is involved in each of t}^o tasks, the leaxmng of on^ 
task should facilitate the learning Tpf the other. Thus, for a given 
trask domain, the identification of skill *substructures is useful for 
desigrfin.g instrucj^ao vith task arrangements promotir^ transfer. Once 

■ r • 

skills are i^entifie4, it is possible to choose en-route tasks and 
sequence instructiprt so that early tasks have skill components which 
are involved in later any more complex tasks (l&essem^r & Smith, 1972). 

The present paper discusse^ an information processing method ^ 
for identifying skills and illustrated the application of this 
method to selected tasks important in the primary science curriculum. 
This approach J analogous to that utilized in cdmputer program][aing , 
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enables one to identify processing mechanisms which are sufficient 
for successful task ,perf prmance. A task routine is prepared consisting 
of a sequence of processing steps ^nd decision voi\t$. Each processing 
step is either a primary process, taken as b primitive functional unit 
defined in terms of inputs-output relations, or a secondary process, 
itself defined in terms of primary processes. Many primary processes 
are closely related to fundamental processes studied by psychologists. 
As such, they represent plausible hypotheses based on current psycho- 
logical knowledge. Others may represent more complex behavioral 

, sequences which, becai^e of theivlcommon occurrences in the everyday 
Hfe of children, need not be ^rther analyzed, at least for the 
purposes of the present paper. 

The actual preparation of the processing routines takes place 
in two sta^s. In th^ first phase, , preliminary rout^ies are designed 

which specify the s;:rategy and the general nature of the processing 
' steps. Several examf)les of such routines are described in the^paper. 

Many decisions about the adequacv^f'^lV^teg caq "be made at this 
\-S^level,^ including, the ,app4AJe^lity o|f the strategy to a content 

domain. Once' .^uch criteria have be^n fulfilled, 'a iecond phase of 

analysis is .4ntered in which the processing steps are ^ivefT a 

. • ^ .^^ 

psychological interpret;a,tionl This phase is illustrated in the 

last secjtiorf of the papers" , , ' 

^The tasks s^^i^ted to^lLustrate the skills analysis approach 

are associated with* the Vatiable-value analytic network. This 

network involves the entities which are the objects of study in a 
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. given discipline and the characteristics or properties used in studying 

them. The principal components of this network are: 

elements - , the entities (e.g., objects, events, 

constructs , symbols , etc. ) 

variables, - the characteristics or properties of 

elements (e.g., weight, color) which 
are used to describe or otherwise 
. studv elements 

values - the terms assigned to elements for a 

given variable (e.g., rectangular, red) 

observation/measurement - that procedure which, for a given 
procedure ' variable, results in the extraction 

of value information about an element. 

For this network four types of tasks have been identified: ' 
description, comparison, seriation, and sorting (or single variable 
classification) tasks. ^^^^r each task type, terminal or outcome tasks 
have been identified. The three description outcome tasks have been ^ 
selected for the present illustration. 

Table 1 (taken* from Smith, 1972) summarizes the three description 
outcome tasks in terms of given and required components and illustrates 
each task with a sample item. For some routines, blocks of several 
steps have been differentiated from othe^ steps and gr6uped together 
as subroutines. These may recur in routines for several different 
tasks. Figures 1-5 diagram "processes ifivolved in the description 
routines and subroutines. As will be discussed later, the specific 
processing steps involved in ^ given task are influenced by the k^nds 
of systemic and particular content of that task. The routines 
diagrammed here are* appropriate for discrete object elj^meuts and 
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qualitative variables for which the relevant feature? can be obt;ained 
through simple perceptual observation. 



The nondirected description task, represented by the item'shell, 
"Describe this object in as many ways as you can," requires an ex- 
haustive description of the object in terms of variables whose choice 
and number are, determined by the' child. An overview of the processing 
steps involved in this task is diagrammed in Figure 1, Two subroutines 
are identified whose steps are diagrammed in Figutes 2 and 3, In brief, 
the nondirected description task routine requires recall o^ a variable 
and its observation/measurement procedure- from memory, and , the sub- 
sequent execution of the procedure and reporting of obtained results. 
These latter subroutines involve the identif icatiotipof standards with 



recalled or be available in the environment of the child as, for 
example, in a classroom situation where color samples are displayed 
(see Figure 2), For qualitative variables the child must compare the 
element to each standard until a matching standard and its .value are 
identified (Figure 2), In the nondirected description task, the only ' 
given component is the element. The child must supply from memory the 
variable, value and observation/measurement procedure. Furthermore 
be must repeat the routine until his supply of applicable variables 
'is depleted (Figure 1), 

* The directed description task (see Figure 4, and subroutines of 
Figures 2 and 3) represented by the item shell, "Describe the (variable 



PROCESSING ROUTINES FOR DESCRIPTION OUTCOME TASKS 



which the element may be compared. 
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Figure 2, Subrc^utine for carrying out the observation procedure for 
a qualitative variable. 



•56- * 




No 
> i 


RECALL 
value for 
standard 












"No 




Fig.ure 3. Subroutine for reporting results (values) for a qualita- 
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name) of this object," is very similar to the nondirected description 
task with the difference that the variable is a given (rather than 
being selected by the child) and the^ eleraent^ is described only 
on that variable. As indicated by a comparison of Figures 1 and 4, 
the processing steps involved in the two tasks are largely the same,, 
with the maiir difference being that, in the directed description task, 
rtie child must decode rather than recall the variable name. The 
"observe" and "report" subroutines are used in both tasks. Decoding 
is viewed on the analytic level as a recognition of the kind of network 
involved and the. role of the given component in that network (i.e., 

r 

understanding that the task is associated with a variable-value network 
and that the given component is a variable name) . Once the variable 
name is decoded, subroutines executed, and a value on the given variabl 
reported, the directed descripttion task is^ completed; there is no 
repeating of the routine, as in the nondirected task. 

The element selection task, of the form "Pick out th^ object 
which is/has (value)," has as given components a set of elements and 
a value, and requires an observation/measurement procedure and the 
selection of an element. described by the given value'. The routine, 
diagrammed in Figure 5, involveis an initial decoding of the value 
and identification of the procedure. The basic processes inv>j^^d 
in the execution of the procedure are very similar to those required 
in the nondirected and directed description tasks (i.e., there is 
a search which terminates upon a matching of element to standard) . 
The major difference is that instead of comparing one element with 



I 



•58- 



\ 



perform 
OBSERVE 




directed 
description] 
\ task 




DECODE 




variab le 


nair.e ^ 









Yes 



perform 
REPORT 




No 




No 



REPORT 

variable name 
not under- 
stood 



) 




Fi^^ure 4. Directed descriptjon task processing routine. 
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Figure 5. Element selecLicn task processing routine. 



^more than one standard^ the element selection task requires a comparison 
of the standard with more than one element. Also, since the value is 
given, the "report" may be simply a gesture to the matching element. 

, 'As^ident in Figures 1-5, although routines for each description * 
task differ in certain respects, there are many information processing 
requirements which are common to all three tasks. The processes of 
decoding and/or reporting variable names and values, recalling and 
executing an observation action, and comparing' element features are 
invariant. Thus, at least within the limits of the defined area of 
content, there appears to be a set of basic description tasks which 
can be carried out by means of commop skills. 



' • VARIATIONS IN SYSTEMIC AND PARTICULAR CONTENT 

Some distinctions among types of^ systemic and particular content 

have important implications for processes and strategies for a given 

task. The routi^ies discussed above were develop^ principally in 

reference .to systemic and ^particular content appropriate- at: the 

K-1 level, i»'e.,^ the description of simple elerjents, (e^^g. , discrete 

objects) in terms of common qualitative variables whose values are 

* 

easily observed. Certain types of' elements, variables and values 
will require st1*ategi'es which deviate at some points with those 
diagrammed above. The distinction between qualitative and quan- 
titative 'variables^has already been mentioned; for quantitative 
variables the comparison of an element to standards involves 
an ordering as well as a matching operation. A subroutine 
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for carrying out the observation procedure for a- quantitative variable 
where standards are available is diagrammed in Figure 6. Note that 
another subroutine, "order (Figure 7) is included in the observation 
procedure. 

The form of the observation/measurement procedure can vary within 
the same Variable as well as between different variables. The procedure 
described^ above involves a relatively simple perception of the element. 
Procedures which require several steps or which utilize measuring 
instruments necessitate additional and/or alternative operations in 
the routine. /' ' 

Distinctions aniong general classes of elements (ob.iects, constructs, 
events, symbols, etc.) als\) have implications for task strategies. For 
example, the observation/measurement procedure described abyve ap-plies 
to concrete elements which can be perceptually encoded — things which 

•L. " 

can be seen, heard, touched, etc. — rather than to less tangible elements 

i ■ 

such as events, syst6ms, or constructs whose description presumably 
involves more complex operations. 

In general, while many content distinctions such as those 
mentioned above are associated with variations in the description 
routine,' these variations appear to be specific and to affect only 
certain parts of routines or subroutines. For example, in the 
nondirected description task, quantitative variables or the use of 
measurement instruments .or gauges in the observation/measurement 
procedure only affect certain segments of the subroutines diagrammed 
in Figures 2 and 3; the basic description framework as outlined in 
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Figure 6. Subroutine for carrying ^out the observation procedure for 
a quantitative variable. 
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Figure 1 remains, the same. Although all possible types of content 
variation have not been analVzed, it appeals that the basic structural 
sequence of the identification of variab],^ and observation/measurement 
procedures, implementation of the proc^ure, and reporting of results 
does not chaRge. ^.^^ ^ 

VARIATION WITH PRIOR LEARNING 

In addition to changes in the processing steps required to 

accommodate differing content; the Strategy may be modified according 

to the state of knowledge which has been acquin^d in relation to a 

specific systemic network. ^' 

The description stratfegies presented above were (^signed to 

permit successful performance of the task basfc^only on a minimal 

introduction to the components of the 'variable-value system which 

is being utilized. After the"* child has had considerable e^eriehce 

* * * 

in obtainj^g values from standards, and applying them to elements, it 
would* be expected that fairly., direct associations betweea the stimulus 
, features^ elements and values would be formed. Thus after consider- 
able experience with a variable-value system, tl^e child tould 
expected to considerably, short-circuit the open description strategy, . 
for example, by directly retrieving applicable values frqm memory and 
reporting them* After exhausJfing his supply of known, valuesi^ he can 



then return to thebasic strategy, taking care not to renort values 

^ - 1 # 

for variables already used. ^ 

Oui'te clearly, it would be possible to propose a somewhat different 
strategy in which it is assumed that feature-value associations are 
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rote-^'leanied first, and then used as a basis of description. However, 
such a strategy would not be nearly as flexible in accommodating 
modifications or expansions related tc^ content^ nor as effective in 
promoting transfer (i.e., learning-to-leam description tasks)^ A 
shortened strategy is inapplicable ,^ for example in the case off^a 
quantitative variable measured through the use of an instrument, 
regardless of how much experience the child has had with the variable. 

FLEXIBILITY OF INFORMATION PROCESSING ANALYSIS 
Information processing analysis is important as a tool for 
identifying a system of processing skills which is sufficient for 
successful task performance. For a given set of related tasks, the 
same basl,c system c^ be utilized, with variations made upon it when 
necessary. As noted abo^ve, the child need not develop whole new 
routines to accommodate systemic and particular content of different 
^ypes and levels of complexity. Instead, existing routines can be 
made more complete vith the addition of new Subroutines. 

Routines can also be modified so as to reduce the possibility of 
failure at any particular step in the routine. New subroutines can be 
added to facilitate recall or decoding of a piece of information or to 
^provide a^ means of obtaining that information. The following are 
examples of possible routine modifications. 

Various associations may mediate .recall of information. In 
the process of recalling variables for the nondirected descrip- 
tion task (see Figure 1), for example, the child mav b^ able^to 
cafl up -associations between sensory modalities and variables 
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(i.e.> by systematically asking himself 'U^at properties 'can I see, 
hear, taste, etc.?**) so that certain variables nught be used that 
othjerwi^e would not have been without this.'mediating step. This modi- 
fication of the nondirected description task. is diagrammed in Figure 8. 

Associations between systemic level components might also be 
utilized as mediators to facilitate recall. Strengths of associations 

V* 

between systemic level (Component's will vary.- For example, for a given 

individual and a given variable, th^re may be a stronger association 

between the obser^/ation/measurement procedures and values of thfe 

variable |:han betv^een t'he procedure -and the variable name, ror 

example, in ^e directed description task (see Figures 2-4), if the 

child cannot recall the observation/measurement procedure given the 

name, his recall* may be facilitated by recalling values associated 

« 

with the vari^able as diagrammedjrj^in Figure 9. . 

In many instances wheo a child cannot recall a necessary component 

or perform an operation, steps may be added to the routine to direct 

him to ^^e resource where he can obtain information necessary to 

successfully complete that step in the routine (e.g., the chil(^ may 
P 

go to^ a resource book, ask a question of his teacher, etc.). An 
addition to the directed description task which dnco.rporates a simple 
example of resource seeking is illustrated in Figure 10. 

Other types of aids which might be utilized to reduce task failure 
are of a svntactic nature. In the item form of a given task, clue/s 

to the network or the role of a given or required 'component mav be 
available. .For exam|4e, in the variable-value network, the svniax- 
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Figure 8. Modification of the nondirected description task routine 
(Figure 1) where variable recall is mediated by recall of sensory modalities 
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Figure 9. Modification of the OBSERVE subroutine (Figure 2) where 
recall of an observation action is mediated bv recall oV values associated 
with a given vatiable. 
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Figure 10. Modification of the OBSERVE subroutine (Figure 2) where 
an observation action is obtained through an example of -resource seeking. 
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(^of the item shells , ^'"What is the X of this object" and "Pick out 
the object which is Y" helps to identify X as a variable name and 
Y as a value. Thus subroutines which discriminate syntactic » 
structure of item shells might be useful in ^identifying the task 
and selecting an appropriate strategy. The analysis of syntax 
involved in task instructions or verbal> responses is important in 
specifying some aspects of language relevant to instruction in 
particular disciplines, 

^ PSYCHOLOGICAL INTERPRETATION OF PROCESSING ROUTINES 

In the preliminary routines described above, strategies con- 
sisting"of sequences of processing steps sufficient for successful 
task performance have been identified. These were not, however, 
defined precisely in terms of the psychological mechanisms involved. 
In the second phase of skills analysis, the processing step6 are 
interpreted as specific^ psychological mechanisms. Thus, the 
preliminary routines specify the problems which need to be solved 
by refei;ence to the relevant psychological literature. For example, 
many of the preliminary routines involve the recalling of certain 
verbal labels and procedures, 

« 

The psychological interpretation of recall steps requires the 
adoption of hypotheses concerning the nature of the storage of such 
items in memory and the processes by which they are retrieved. These 
hypotheses are reflected in the selection and definitions of primary 
processes fn terms of which the final processing routin'es are defined. 
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The level of specificity and detail required in the definition 
of primary processes is itself an hypothesis, at least initially. 
The adequacy of such hypotheses is judged primarily by the utility 
of the resulting processing routines, (i.e., by the success of 
instruction based on them in achieving task mastery and predicted 
transfer effects^. The initial hypothesis is that definition of 
primary processes in terms of input/output relations is sufficient* 
The resultant demands to be made, on a model of long-term memory in 
defining priraary processes for recall therefore include specification 



of the nature of the information stored, the kind of information 
which can be u seti to gain access to stored information and the major 
processing steps distinguished. 

Frijda (1972) describes a model of long-term memory, some 
version of which is utilized in nearly all information processing 
theories and simulations. According to this view, information 
store is an associative network of items or nodes, each leading 
to any number of other nodes — the associations 9f the first .node. 



jtored items or nodes^arfe general] 



The stored items or nodes ^rfe generally considered to be concepts 
or ideas themselves rather than names used to refer to them or 
images exemplifying them. Although this is a somewhat vague 
position, the important point seems to^ be that what is stored is 
not words or images- b\it rather information from which words, 
images and actions are reconstructed, as proposed by Neisser (1967). 
Thu3 , onc6 activated or accessed, anode makes immediately available 
a number of operational options. Nodes are accessible by way of 



other nodes to which they are linked, or by way of items or stimuli 
that in some sense resemble them (i'.e., that, resemble' some level of 

reconstruction) or through the decoding of- labels that refer to them. 

V 

Figure 11 illustrates an associative network which might be drawn 
upon for performance of tasks such as the directed description task 
using the processing routine presented in Figure 4. The nddes represent 
the relevant systemic concepts. In carrying out the directed descrip- 
tion task for example, access is acquired to the network through 
processing the variable name. This involves the decodTe primary process. 
P^<^o^g takes the variable name as input and, since it activates the 
"variable X" node in t>he network, can be said to output ^he variable 
X concept. The "output" of a decoding step might perhaps be better * 
termed a result. In effect, the decode process opens the way to many 
possibilities, but it remains for the next step(s) to take advantage 
of one or more , of them. - The possibility that the individual may be - 
set to perform another step which then follows automatically from / 
the decoding need not concern us here. The point is that access to 
the storage network must be gained as a result of the given variable 
name. This is the defined function of the decode process. 

Although many alternative processing steps are made possible by 
the decode process, some directing mechanism* insures that access to the 
observation action node is gained as the next step. This involves the 
recall primary process. The nature of the directing mechanism has not 
been further elaborated. At present it sefems sufficient to state 
that this mechanism is capable of directing the recall process to 
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a connected node which is related to the original node in a specific 
way. Thus, the input of the recall process can be characterized 
as one concept and its output as another concept. It should be noted 
that the recall process, just as is the case with the decode process, 
does not output any images, words or actions. 

Once the observation action node has been activated by recall, 
an action program can be reconstructed which guides the carrying out 
of an observation action. At present no distinction seems needed 
between the reconstruction and execution of the action program. 
Thus, the act primary process implies both. Alternatively, 'a 
verbal description of the action could be reconstructed first to 
mediate ,the reconstruction and executittn o^ the/action program. 
Both steps represent operational alternatives made available by the 

activation of the .observation action node. . ^ ^ 

• If • . 

Similar interpreter iprijS can be. .given for each part of the 

preliminary processing routines based, on the relevant psycho- 
logical literature. The above examples suffice tp illustrate the 
process. The immedfate .resxilt is a final processing routine for - 
each task and a definition of each primary process involved in them. 
Subsequent analyses can utilize the, primary processes previously 
defined, thus, th^ .psychological inter^reta^tion phase will Require 
less hypothesizing concerning the nature of^ the processes themselves, 
as more final processing routines are prepared. ' 

An important benefit from the psychological interpretation of 
the processing steps is the informati^li ^ade available about, the 
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influence of independent variables upon them. Existing knowledge of the 
effects of such variables can b« used in the design of instructional 
strategies and in studies designed to test hypotheses that ' particular 
mechanisms are being employed. Without detailed skills analysis it is 
impossible to take advantage of such knowledge since there is only the 
vaguest notion of the processing involved and therefore what literature 
is relevant. 

CONCLUSION ^ 
Preliminary processing routines such as those presented in the 
first sections of the paper specify a strategy for carrying out a 



task and the general nature of the processing steps required. Thus, 
applicability to a domain of content can be determined before more 
detailed analysis is carriecfout. When their applicability has been 
judged adequate, further analysis utilizing current knowledge of the 
relevant psychological processes can be carrie'd 'out. This stage of 
analysis recasts the routines in terms of primary processes such as 
those briefly described in the previous section. These final, routines 
provide the basis for predicting transfer relation^ among learning ' 
outcomes and designing instructional strategies drawing on the relevant 
psychological litetat\jre. 

It should be recalled that the information processing strategies 
which have been presented are not intended as a description of how 
students actually do perform such tasks. The question of whether 
these strategies are -valid or invalid as descriptions is not relevant. 
They are conceived as ,a description of one feasible and reasonable 
efficient way of performing such tasks, and as being trainable by some 
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instructional procedures. The relevant criteria for evaluation 
ask: 1) Can instructional procedures be devised which result 
in acquisition of the intended strategies in a reasonable segment 
of instructional time? 2) Is the strategy effective, when carried 
out, in producing valuable behavior? and 3) Are the processing 
routines useful in predicting transfer relations among related 
learning events? Whether or not the intended strategy is a valid 
description of behavior is a relevant question only in relation to 
children who have received instruction designed to produce the 
strategy. ' , 
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Working Paper 3 ' •'^ 

ANAI>TIC CONCEPTS AM) THE RELATION BETWEEN CONTENT AND PROCESS IN 
SCIENCE CURRICULA 

Edward L. Smit^ ^ - • 



What relative emphasis should be placed on the learning of content 




(concepts, definitions, principles, etc.) as opposed ti^processes 

(strategies, procedures, etc.) in elementary science education? The 

major projects developing elementary science curriculum materials in 

the ]^st decade" illustrate th^ spectrum of opinion on this question. / 

Several projects, such as' the Conc^eptualli^ Oriented Progran in 
Ele^eKtar:j S.^ience (COPES, 1967) and the Cornell ElernentM''^ Science 

Procfvar,^ (CESP, 1969) placed major emphasis on content. The content 
oriented programs were influenced by Bruner's argument that any 
knowledge can be taught to anyone at some intellectually v^lid level 
(Bruner, 1966), by Ausubel's argument for the import;ance of meaningful 
reception learning (Ausubel, 1963, 1968), and by efforts of the National 
Science^Teachers Association to develop a consensus on the major 
conceptual schemes of science (NSTA, 1964, 1966). These programs 
reflect the view that mastery of basic concepts and principles is the 
basic requirement for further learning and pi'oblem solving^ 

Taking quite another po^sition was Science: A Process Approachy 
a program sponsored by the American Association for the Advancement of 



Lence 



i 

Science (AAAS , 1967). Content wa$ viewed las temporary ^or unstable, 
changing with the rapid development of new knowledge,' and as not being 
broadly geperalizable. A more eryduring and 'general foundation was 
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sought in basic processes of science. The program was heavily influenced 
by theoretical views of Gagne on skills and task analysis. 
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Although considerable emphasis was jj^ced on tryout and revision 

(formative evalua^tion) of all of these programs, most assessments have 

been concerned with the achievement of rather specific objectives. To 

date there is insufficient data concerning the relative impact of the 

programs (summative evaluation) to provide an empirical answer to the ^ 

question of the^optinal emphasis to place on content and process in the 

^Ipng-range development of genei;"al > science skills. Degpi te enthusiastic 

argumentation by proponents of each side, there is no evidence to suggest 

g 

that either approach should be discarded entirely. Everv scientific 
field necessaVily involves elements of both content and process. If 
science education is to reflect anything of the nature of science ^ some 
contents., some processes*, and some relations between them must be 
included. , ^ 

Such a balanced approach should not b^ simply a potpourri of 
9bject:ives from eadh side.* Rather, an analytic base having its own 
integrity should be employed as a means of coordir^feit ing cdntent and 
process. Thus, the main- question debated by science educators should 

concern the relation between content and'^^^ocess , not merely the .degree 

« 

of emphasis to be given to each. 

The ideas presented in the follo^ng paragraphs provide a pr'e- . 
liminary answer t;jji^Jthis question and indicate how an appropriate analytic 
^ base for a science program, can be designed. The approach dfesfcribed • , 
below has bejen found similar in several resp'ects to that implicitly 
employed by the Science CtTrriculum Tmptovement Study (SCIS, 19-^6* 19f^8a., 
1968b, 1968c). By m^k^ng the analytic base explicit, precision c^n 
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' be increased, and inconsistencies and other problems can be discovered 
and solved at the design level (see Smith & McClain, 1972 Smith, 1971). 

Three levels of program content are distinguished: the analytic, 
the systemic, and the particular. , The most^ general and stable aspects 
of science are Che analytic concepts such as variabl^^' operation, 
system, relation, hypothesis, etc. AnaJ.ytic concepts are abstractions 
from the systems of content of particular disciplines, Tlrey reflect 
the structure or form of that (systemic) content, rather than its 
substance. Mastery of analytic concepts provides 'a basis for organizing 
investigation into new areas, whether first hand or through secondary 
sources. Sets of analytic concepts organized into networks can provide 
the framework for curriculum design. One such network, built around 
the concept of a variable, has already te^n d eveloped (Smith, & Van Horn, 
1971) and applied to the Analysis of outcomes of an extant primary 
science unit (McClain & Smith, 1971; Smith, 1971). 

' Somewhat less general and stable are the ^^temic concepts , those 
speciali'zed concepts basic to the conceptuaf^systems of specific 
disciplines. Force,* energy, atom, ecosystem, cost, profit, role, 
re^onse, heed, etc., are important systemic concepts in their respective 

^disciplines. A variety of such concepts is an essential ingredient of 
a curriculum designed to develop<55Snalytic concepts since ithe systemic 
concepts exemplify the analytic concepts. Concepts at this level are 
also required as a basis for assimilation of specific phenomena or 
infonaStion about 'them. Wlthbut an appropriate framework of such 
concepts the individual must construct his own. In general, naive 
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inductions are unlikely? to be an effective, basis for discovery of 
new relations, or for accurate comprehensdon of fiew scientific 
information. Although less general than the analytic concepts, 
systemic concepts do have considerable generality in the diversity 
of phenomena to which they apply, 

« 

, The third level of content is represented by the particular 
phenomena with which the student deals in the curriculum. The 
student may encounter the concept of weight in the context of the 
weights of himself and othfrs in his class, for example; The 
content .at ' this level can be viewed as a sample of the phenomena 
with w'ilich the student might come into contact. This domain Is 
very large and heterogeneous, varying across individuals as wj(ll 
as over time. Thus, thil level of content is the least general and 
the least stable. 7 

The analytic, systeml^c, and particular levels of content 
represent three distinct levels of analysis and decision making. 
Analysis and subsequent selection of analytic content does not 
determine the sys'teinic or particula'r content although it does 
estabjlish criteria. Analysis of the conceptual systems of various 
•disciplines roqst^ then be carried out. Content selections at this 
level must exemplify the analytic-c^cepts *^fr^ady- selected. , -* 
Finally, particular Content which exemplifies the systemic content 
can^e selectee}.' Additional criteria can anc} shauld be adppted* * 

for selecting among ,systfeinic. and particular cbtitent alternatives 

* • * . ^ 

which meet the compatibility crite^n-ion. ^ • r - 
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The discussion above reflects what is typically referred to as 
content. However, the process aspect is not an independent component. 
Concepts are not static constituents which the individual merely 
possesses; they are functioning structures with functional consequences 
in behavior. In this sense processes are implied by the phrase, 
"mastery of the concept." Particular functional capabilities of the 
student with respect to a given concept cannot be assumed or left to 
chance, however. They must be clearly specified, given appropriate 
instructional attention^ and carefully assessed. ' ' 

At the analytic level, processes are represented by analytic 
operations defined in tferms of the analytic concepts. It is quite * 
probable that these operations can.^be adequately represented symbol- 
ically in a formal system. Initial atte©{)£s Ij^mploying set theory 
have been moderately successful (Smith & Van Horn, 1971;picClain & 
Smithy 19^ Smith, 19'7p . , For example, the description operation 
is defined as a many-to-one mapping of elenjentrs (the things to be 
described) into a set of values for the^ variable on which the 
description is made (see Figure 1) . * 

Detailed specifications of tasks to be"performed can be prepared 
at the' analytic level by specifying the analytic operations thQ student 
must perform, and indicating the analytic concepts for whi^h^^amples 
are identified in the task'^situatjlon and those for which the student 
must provide appropriate examples for himselS. For^ example, one 
-description task provides the student with the elements and a variable 
name. The stJ^emt must cpntriljute the values and the observatJLon/measure- 
ment procedure in carrying j^iajfe the description operation. 

A • ' 

• \ 



Elements V^alues* for Variable x 

Figure L.. A mapping^ formulation of the description operation. 



At the ^systemic level, processes ^are represented by algorithm's 

or procedures exemplifying analytic operations. At'^this level the 

description task ab'ove might involve the measurement of -weight using' 

a spring scales calibrated in pounds,^ for examp'^'. Although limi,ts 

on the sets of possible elements map^^-be specified a^ the systemic 

t^vel,^the final selection of elements (and weigHt,.tvalties) represent 

decision^ at the^ particular le;j/el. ^ Thus , the specification -of {^e . 

* t 

children in the classroom^* as elements to be weighed would represent 

a decision at the particular- level; , ^ > 

As fomulated above, development of the processes of s.cience 
is not an af^^native to tha learning of sdiende content, but rather 
one aspect of what -is implied b}i mastery of such content. If properly 
organized^, each learning event can serve to develop knowledge of 
specific phenomena, important systemic concepts, and generalizable 
analytic concepts. Without such organization, processes become isolated 
procedures with little meaning, power, or utility. Certainly skill ^ 
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in measuring weight has no more generality or stability than the 
concept of weight » Of course, these effects are not automatic results 
of any arbitrary science activity. Detailed analysis and careful 
selection are required* Further, instructional techniques which make 
the relations between th& levels functional for the student must be 
identified. Undoubtedly, verbal mediation will play an important role* 
However^^he optimal .time for int r o ducing an alytic and systemic concept 
labels, optimal sequencing of examples, and other instructional 
problems must be investigated. - . 

IMPLICATIONS FOR THE DESIGN OF A SCIENCE PROGRAM 
The above remarks have several' in^lications for the design of 
a science program* ^ ^ ' . • 

/ 1) A set of analytic concepts should be selected before final 
'selection of content at the systemic level. Systemic 
content can be used as raw material for analysis to identify 
or ^assess the^generality of analytic concepts* However, 
if the systemic content is to serve as a vehicle for the 
development of analytic concepts, the final selections 
and organization at the systemic level must be based on 
decisions made at the analytic level. 

» 

^ 2) Qfeaeral terms such as deduction, observ^ion, prediction,^ 
etc., which suggeat operations must be define]|\ precisely 
in terms of analytic concepts before they^"&an-^ecome useful 
^ as a basis for decisions at the- ^stjemic and particular 
^ levels* Precise definitions also make prerequisite relations 
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among such operations more apparent, thus facilitating 
their selection and sequencing* 
3) Criteria for the selection of analytic content must be 
established. These might include: 

,a. Readiness of children to master as indicated by 
empirical and theoretical literature. 

b. Generality of application to systemic and-particular 
content of interest and/or significance to the students, 

c. Time and effort required to develop a suitable level 
of mastery. 

d. Relevance to other, higher level analytic content. 

ANALYTIC CONCEPTS FOR THE PRIhfARY SCIENCE CURRICULUM 
A preliminary set of analytic concepts for use in the primary 
science curriculum is described^elow. iJThe' concepts w^re" identified 
as broad3)y applicable in analyses of extent instrtlctional programs 
(Smith & McClain, 1972). 'Revisions may be made as ta^ks are^3efined 
and instructional strategies '^for thi6ir development are designed. 

Most analytic concepts are defined in terms of their relation' 
• other analytic concepts and derive their utility from those 
relations. ,It seems appropriate, therefore, to describe networks ' 
^of interrelated analytic concepts. Although almost all such concepts 
may be related in the context o^ at least some systemic content, 
thfere do seem to be '^clusters which often function independently. 



The networks describefiPjelow reflect the lowest level at which the ^ 

. •■ ~ • ■ . • 

/' cbncepts seem 'to function independently. Interactions among the 



networks \^\\ be defined at a later, time. 



ERIC. 



> ' t 
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ELEMENT-VALUE-VARIABLE NETWORK OF ANALYTIC CONCEPTS 

A very basic rletwork of concepts involves the entitles whose 

nature is the subject of study and the features of those entities 

which are used to describe, compare, order, and classify those entities. 

These analytic concepts have been described in considerable detail *, 

elsewhere alopg with analytic operations and tasks defined in terms 

of them"(Smittr-5rVan Horn, 1971; Smith, 1971)\- ^ r ief defi nitions 

of these concepts are presented below: . ' 

Elements — The entities (objects, events, systems, constructs, 
etc.) which are being studied. 

Variable Name — Name of an aspect of elements which may vary 

* either from element to element or forgone element across time. 
i ' ^ 

> Values — Terms representing particular element characterizations 
distinguished with respect to a given variable. 

Observation/Measurement Procedure — Rule or algorithm which, when 
applied to an element, results in" the specif icatioif.,pf th^ 
y^ue of the corresponding variable which applies- to the 
element. v ' 

■> 

Descript;ion — ^ set of values consisting of one value for each 
of a set of variables. • 

Comparative — Term representing the relation between the values 

of a single variable (or descriptioi^S\ on a set of 'variables) 

which characterize two or more elements (or an element at 
' ^different times). 

Correlational Rule--Rule or^lgorithm which^ when applied to a 
value of one variable, results ^in the specification of a 
• value of a different variable* 

/ , V ^ , 

THE CLASS-MEMBER NETWORK OF ANALYTIC .CONCEPTS ' - ^ 

^A broadly applicable 'and widely -studied network of concepts is * 
based on the'notion pf class m'embership. This network also includes 
the corioept of ^'lement. Other concepts involved §re 'defined* as ^follows : 



Class — A particular set of elements. 

'Class Member — An element which is in k ^particular class. 

Class De*finition^~A -decision rule which when applied to a- \ 
^ description of an elemejit , specifies whether or not the 
element is a member of the corresponding class. 

Class Name —Label applicable to any element which is a member 

of a giv^n class; also used to refer to the^ class as a whole 



WHOLE-PARt NETWORK OF ANALYTIC CONCEPTS - — ^ 

* 

This analytic network is based on a special relation between 

elements. Each element in the relation is viewed simultaneously at 

two levels. Each is viewed as an element.*' At the satne'time, .the 
t ^ -* , 

^ "whole**" ig viewed as bein§«* diyisable and the part as a resiilt of a 
division. In -other contexts, each may be viewed simply as ^elements. 
, Part— >An element .which is an integral portion of another element. 
Complex Element (whol^— Ai^ element which is regarded a^ having^^ 



two or more -parts 



Activity— A characteristic functioning or behavior of a complex 
element , (activity implies complexity, i.e., parts). ^ 



Function— The action or contribution a part makes toward an 
activity of a complex elemen-t of which it is a^parT. ~ 



Definitions of classes are a form of correlational rule since, 
they r6J.ate values of , one variable (the alternative classes) to th9se 
of one ot more other \^ariables (those on which the descriptions are 
tased); They are t,rue by* definition, ^however, since there is no 
Independent means of assigning valuSs. 

Class names serve as values in statements asserting class 
membership for elements or relating class membership to other ^ 
clxaracteristics. 



PROCESS-STAGE-EVENT ANALYTIC NETWORK 

None of the analytic concepts described above deal explicitly 

with the temporal aspect of phenomena although the values and 

comparatives can^e" employed in describing changes. This aspe'ct 

oseems basic and important enough to warrant specilized treatment. 

The following concepts deal exp^Licitly with the temporal, aspect of 

phenomena while relating it to the structural or spatial aspect. 

Change— A change is the applicability of two different values 

of a variable to an element at two different points in time. 

Event — The occurrence of a change pr s6t of coincident changes 
in an element. 

Process — A set of temporally ordered changes in an ele^e^t on 
a given set of variables. 

Staged—Part of a process consisting of (a) a sequential subset 
of events, or (b) a period of time bounded by specific . 
events. * ' ^ 

'\ 

^ APPLICATION* OF ANALYTIC CONCEPTS- IN CURRICULUM DESIGN ^ 

The role of analytic concepts in the design of a science program 
is illus'trated by the application of the analytic concepts defined . 
above to a. list of proposed content'for a kindergarten science ' 
program (see Appendix A) s The list was specified and organize^! gt 
the systemic, level. The reorganization resulting from the application 
of the analytic concepts (Appendix B) provided the basis for the , 
following discussion 'and recommendaticJns. These ^comments consider-^ 



SometinUB the form an element takes during a stage is nre'ferred 
to a-s a stage. This is considered to be an implicit statement * 
*'the form x takes during stage y." The stage may be identified "b/ ' 
the form tak^n during that stage, e.g.^ larva stage. Z^'** 
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only the relation between the analytic and systemic concepts and do 
not reflect evaluation of tHe systemic concepts t:hems^^;es»^.^ ' ,/ 

In considering such recommendations; ft is import'^T^ to keep 
in mind the assumption, developed above, .that the primary contribution 
of systemic concepts is the development of the analytic concepts which 
they exemplify. It is the analytic concepts which provide a medi^^^^g 
device for the facilitation of learning of new systevij c cdntent ♦ 
(parallel transfer) and the development of generalizable inquiify 
strategies. It ^should be recalled that this does not eliminat^e tHe 
necessity , for' mastery of systemic content, however. To the contrary, 
nfastery of^ systemic concept^s essential, for it is* these which 
exemplify the analytic concepts. • . ^ 

1* When viewed from' the analytic level, several gaps .are 

revealed in the proposed lists of systemic content.^ For 
' ' ' ' , ' * •* 

example, several lists of parts on' page 2A do not have* any 

Lons specified. Only a few of the class concepts on 




pages 26 and 27 have any values spedified which serve as 
defioitions. Gaps at the systemic level will result in * 
gaps at the analytic level. They also reduce the power 
and usefulness of the systemic content in the' assimilation 

<jf particular content. It is recommended that systemic 

s • < ^ 

content be addend to fill in these gaps , 

<» . , ^ , 

2. In some cases, sets of systemic concepts di-d not .fit any 

ii . 

analytic network very well. The phenomenon of burning, 
for example ^(see pagi^ 3lX, could be' treated with whpl6-part 



s 
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concepts or witj|f process-stage-event concepts. However, , 
the proposed list of systemic concepts does not seem to 
completely fit either. Such mismatches might be due to 
•inadequacies 'in the analytic, networks. or to inconsistencies 
in the systpmic content. Whatever the' reason, difficulties 
in learning' c6uld result at both the analytic and systemic 
^ levels. Systemic content, particularly at the primary 
devel, should exempTify specific analytic networks. It is 
recommended that where unresolyable m^matches occur, the 
systemic content be postponed until a later time . 

f / 

3. Th^ proposed list is probably too extensive to allow 
adequate development of all the systemic concepts in a 
single kindergarten program, particularly if the first 
recommendation above Is heeded. The number of systemic 
concepts can be' reduced by using fewer examples of each 
analytic concept -or by adopting fewer analytic concepts. 
Deve^pment of concepts in primary children requires 
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experience with a number of examples,^ While the op\ 
nuiSber of examples is not knpwn, it would seem wise not to, 
cut the tnargin too thin on the first pass. Thus, in order 
to allow time* for a sufficient number and variety of 
particular examples of each systemic concept, it is 



**Examples are XioK. necessarily real world objects and events. 
Linguistic usage of concept labels can also function as examples. 
Althou^ some real world 6xa(inples are undoubtedly necessary at the 
.primary level, appropriately structured linguistic examples can 
.probably make a considerable contribution. 



\r,ecommended that^ the number o f systemic concepts be reduced 

' 1 ' 

• by adopting fewer analytic concepts for emphasis in the 
kindergarten prQRram . ^ . . ' . 

4. Although analytic concepts are ^the most; broadly generalizable, 
< ^ .many systemic concepts do have considerable generality in the 

v^iety of particular content to which they are applicable. 
Systemic concepts applicable in several of the particular 
subject matter areas covered in the list* are sometinjes employed 
only in one, For- example, the variables "time of ^day" and 
J^umber" (page 29) , cduld .easily be, employed in the living 
# -things areas as well* as th^ universe are^ To inctease the * 
^probability -of adequate mastery, it is discommended that the • 
systemic concepts be explicitly employed in^more than one 
subject master area whenever po'ssible . 

5. The content list does not include any correlational rules- 

(e.g., animals that eat grass have flat front teeth). It is 

assumed, however, that some concepts this type will be' 

' \ 

included in the program. Specification of the correlatfonal 
> X/' 

rules in whicfi a variable is used is an important step 
\^ sele^cting variables to include. Thus, it is /ecommendfed that 
correlational rjile cojicepts be specified before selection of 
variable concepts is made . For example, potentially useful*^ 
correlational rules' might relate kind of habitat and kind of 
body covering, kind of habitat and kind ^f part uged for 
moving, kind of motion and kind of part used for ^moving, and 
temporal sequence ^d stage of development. ' , • 
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CONCLUSION 

This paper b^gan with the formulatior^ of the question, '''What ^ 
is the relaJiion between content and process in the science curriculum?" 
This relation was defined irt term's of analytic concepts. Th^ 
development of generalizable strategies for processing information 
requires some characterization of the form of the'^ inf qrmapion to be 
processed. Analytic networks such as those described above provide 
,a basis for consistently organising systemic cont,e^t in standard 
foms. These forfhs can be gradually abstractejd by" the students 

.V 

under the guidance of verbal labels^and definitions introduced at 
appropriate levels. This represeiTts mastery of the analytic concepts N 

v> - • ■ ' 

themselves. The analytic concepts are then available as a mediating * 

device for obtaining and/or K^r^anizing new information of the same fofms. 

V Rather than as an achievement apart from the mastecj^ of concepts, 

% 

facility with processes of science is viewed as the operational * 
aspect of the mastery. The processes emerge as operations defined 
In terms of analytic cond^ts. As these are repeatedly exemplified 
at the systemic level, they are bi;ought increasingly under the student's 
control. Mastery at tne "analytic level implies the^ability to organize 
new info'rmation in an appropriate form employing procedures approptiate 
to that form, i.e., exemplifying the corresponding analytic operations. 
The operational aspect of analytic concepts will be treated in detail 
in subsequent papers. 

If a science program is to hAve^an impaot beyond the mastery 
of Specific 'systemic content, the selection and organization of that 



I 

J 



i£t i)-£-iBS£d -jon -decisions at the anal>tic level. However, 



chese decisions are not a sufficient basis for selecting systemic 

content -Additional criteria such as th^ose proposed by Babikian 

(listed in Appendix A) are needed. Particularly important from a' 

design point of view are criteria concerning the prereqi;isite relations 

with sets of higher level systemic content. 

It should b^added that no explicit- criteria for selecting 

analytic concepts have as yet been developed. The selections of 

♦ 

analytic concepts Tor. the present paper were based on their, pccurrence 
in a highly regarded extant program and a subjective evaluation of 
^heir reasonableness and generalityj' The suggestions on page 88 
might serve^as,a starting point tor developing such criteria. . 
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APPENDIX A 



SUBJECT MATtER CONQEPTS 
KINDERGARTEN SCIENXE J^OGRAM 

' ' Elijah Babikian 

November 1971 



I. Criterion questions'"for the selection of K science conaepts. * 

1. .Are the concepts ^nsonant with the intel lect^ial maturity 

of the learners? ^ . , 

2. ' Can- they be taught meaningfully by , first-hand experiences? 

3. Can they be taught?, by simpl*e, low-co5t^ tfhd*safe materials? 

\ / ■ ■• • . ■ • .. ^ ' 

4. Can they be taught by experiraferfts Which guide the learner 
to discover the concept himself? 

5s Do th6y arouse and/or Sustain stwdents' interest? 

. c ^< • ' ^ ^ • • 

6. Do they hel^ the children to acquire^ specified inquiry, skills? 

7% ' Are they related to the immediate environment of child'ren ^ 

8. Do they ^represent all of the five subject matter domains:, 
' living things, non-Uv'ing things, e*nergy', earth, universe? 

« ; * * 

9- Do they represent all of the fu^e ievels of concept abstrac- 
tions: properties of matter, diversities in natuM, inter- * 
action in nature, change in nature, and develppmerft in nature 

10^; Are they expandable, horizontally and vertically, in the upper 
grades'? ' t 
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APPE^'DIX B 



ORGANIZATION OF PROPOSED SYSTE^^r 
.CONTENT TX TERMS W ANALYTIC CONCRT^tS 

BlOLOGlCAi; SCITNCE CONSENT 



GLASS* VARIABLE 'ANi) ^VALUE CONCLPJS 
Variable name ^2 ' 



type of living thing 



\ type o'f ' body covering 



type Df breathing 
^^yp^ing) 

means 6f' locomotion 



type of motion 



, mode of reproduction^ 



type of habitat 



Values 



\ 



plant 



animal 
« 

feathers 
hair 
scales 
skin (only) 
shell ' 

gill^ 
nostrils 

fins 
legs 

'wVg§ 

walUing 
swimmlsng 
f lying'^ \ 
hopoing 
s^liding 
crawlin<> 



hatching 
giving "litve 

birth" 

in water 
, on land 
in air 
in ground 



E lements Charactert';;ed^ 
r 

examples of nlan^s 
and animals 



examoles of animals 



examples of animals 
'examples of animals 



examples of animals 



Examples of animals 



i ^f^plant? 



examn]es|fr plants 
and animals 
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Nam^s in parentheses were not present in the original list- and reflect 
selection of the current writert * ' i ' ' ' 

/ * , * 

Any class Or activity, concept can form the basls^ for a variable with 
values "is an x/' " is not an x/* or "does x," or "does not do x." Such', > 

dichotomods variables are not included in this list. * 1 

'* 

3 

If values were used to define a class, this is noted by underlining the 
class name. j • 
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^ Variable name 



type of food eaten 



stage of growth 



Values 

flesh 
/plant 

plant & flesh 

larva 

pupa 

adult 

seed 

germination 
seedling 



Elements cliaracterized • 
examples aninals ' 

- .examoles of animals 

: ■ ^ 

examples of plant - 
plants 



WHOLE-PART CONCEPTS 



Complex element 



animal 



Tart 

body' covering 
skin 
feathers 
scales- 
hair 
fur 
shell 



Function 



animal 



animal 



plant 



seed 



•legs 
fins 
win'gs 

gills 
nostrils 

roots 
stems 
leaves 
seeda 

embryo 
seedcoat 



. movi ng 



breathing 



-The entries in this column are also activities of the complex elements , 
This need not be the case. More speqialieed functions could he specd^iedu 
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ACTIVITY CONCEPTS 
Activity 



moving (self p^ropelled) 
eating, . 
growing . 
having babies 

walking 

swimming 

flying 1 

hopping 

sliding 

crawling 

giving birth "live" 
hatching 

breathing 

producing own food 
germinating*^ 



Elements or class 
charactaVizdd-^ 

' ! 

animals 



examoles of animals 



animals 
plants 

examples of .plants 



DESCRIPTIVE VARI.^BLE AND VALUE. CONCEPTS 



Variable Name 



Values 



Its / 



Element 
Characterised ^ 



size 


small 
large 


, \ ^ seeds 


shape 

{ioh) ' * 


Cylindrical 
flat ■ 

IgB branched 


roots, steqs, 
leaves ^ 

roots , stems* 


texture 


smooth 


* 

leaves 


color 


green 


leaves 


(whether 'living 
or non-living) 


living 
non-living 


animals| olants 


(orientation) 


. going up 
going down^ 


• 

Stems 
^ roots 


^Underlined terjns 


i 

are classes defined ij:i 


terms of the activity* 
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'PROCESS-STAGE-EVENT-CONCEPTS 

• * 

Process" ^ 
~ — ^ 

animal growth 
plant growth 



CLASSv CONCEPTS 



piass Name 
animals 



plants 



legs 
fins 
wings 

nostril^s,* ^ 

gills 

feathers 

hair 

scales 

skin 

shell 

fur 

• 

body covering 
food 



4f 

Stages 

larva 

pupa 

aduU 

seed 

seedling 



Events * 



r 



germination 



Class definition 



Relevant variable 



Def-jgiing values 

^.nioves by itself 
has babl<es ^ 
breaths 
eats 
grows 

does not move by 

itself 
produces own food 
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Class Definition 



Class n,ame 

flesh-eater 
.plant-eater 
flesh a^d 

plant eater 

larva ^ 

aqpa 

adurt 

stems \ 



roots 
leaves 

seeds 

embyro 
seedcoat 

seedling" 

babies 

habitat 



Relevant variable 



Defining values 



(orientation) ' 

shape 

(form) 

• (orlentationr) 
shape 
(form) 

shap§ 
color 
« texture 

size 



going uD 
cvliiidrical 
branched . ^||||||f 

goin^ down 

cylindrical 

branched 



flat 

green 

smooth 



small 



water 
air 
land 
ground 
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. DESCRIPTIVE VARIABLES 

Variable -N^jg^ 
^(living ar' nonliving) 

•weight • * 



shape 



color 



texture 



(hardness) 



state 



taste 



odor 




solubility 



/ PHYSICAL SCIENCE CONTENT 
AND VALUES 

Valued 

living 
nonliving 

light ,-er ,-e5;t 
heavy, -ei:, -est 
equal , • 

spherical 
cubical 
cylindrical - 
(ical 
•'regular 
circular 
cresent 

! 

ted 

orange 
pink . 

yellow • / 
"blue ,^ 
white 
black 

« 

smooth 
rough 
rugged 

hard 
soft 

solid- 
-liquid 
gas 

sweet * \ 
salty 
sour 

perfume 
odorless 

soluble 
insoluble 



Elements Described 
_ — 

examples of objects 



examples of obje^ots 



examples of objects 
seen • . 



-examples of objects 



examples of objects 
■ moon 

/ 

examples of objects 



examples of 

substances 

(samples) 

examples of substances 
(samples) 



examples of sdbstances 
(samples) 

examples of substances 
(samples) 
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4 

Variable Name \ 
(magnetic characteristic) 



(magnetic interaction) 



(temperature) 



(length) 



(motion) 



(illumination) 



Values 

magnetic 
non-magnetic 

attract 
renel 

hot ,-er ,-est 
cold ,-er , -est 

long, -er ,-est 
short ,-er, -est 

goirrg up 
^oing down 

r 

bright 
dull 



Elements described 



^^ire 



liquid column of 
thermometer 



sun 



distance 



l«>cation 



far ,-ther,-thest 
near, -er,-est 
beyond 

in sDace 
in air 



sun^ 
moon 



moon 



number 



) 



<con$tan4y of light) 

• ■ . 

time (of\day) 



position 



few ■ 
numerous 

spajrkling 
twinkling 

day 
night 
morning 
noon' 

afternoon 
evening 

east 
west 
north 
south 
.right 
left 

overhead 



stars 



stars 



i. : . 
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CLASS VARIABLE AND VALUE CONCEPTS 
•Variable name 



(kind of magnet) 
sources of heat 



kind of natural feature 
of earth's ^urface 



kind of construction 
(man-made featur%) 



Values 



horseshoe 



sun 

fele9tricity 
fuel 

fri(;^tion, 

mouijtain [ous] 
valley- 
desert 
forest 
ocean 
lake 
river 



tunnels 
bridges 
freeway^ 
houses 



r 



Elements described 



examples of mapnets 



PART-WnOLE CONCEPTS 
Complex Element 

E'arth 



Part 



land 
■ v^ater 
air 



Characteristics 
or • 
. function ^. 



magnet 



fireC?) 



pole 

smoke 

ash 

(fuel) 



phenonenon pf burning could be treated las a part-whole concept or 
process-stage concepts. However, the systemic /«)nceots listed do not seem 
to completely fit eithar. 

It seeras doubtful that the "function" of /a part plays the same rule 
in physical science as in biological science. Ht seems appropriate only 
when dealing with mechanical devices, etc. ^ In\other cases, the term 
characteristics seems more applicable., 



PROCESS-STAGE-EVENT CQNCEPTS 

i 

Process 
heating 



1 



water cycle 



buming(?) ^ 



-no- 
Stages 
soc ial 

1 iquid 



cloud 
rain/snow 

paper ' 
/ 

fire ^ 
ash 



Events 



melting 



vaporizing 
(evaporating) 



evaporat ion 



condensation 



^( add)heat 



G^LASS CONCEPTS 
V* Class nama 



Class destrlption 
R&^levant variables -Defining values' 



^ non-living» things 



object 
magnet 
fuel 



cannot move 

cannot grow 

cannot breathe 

cannot eat 

cannot have babies 



8 

The phenomenon of burning could be 'treated as part-whole concepts 
or process-stage concepts. Hovever, the systemic incepts listfed do not? 
seem to .complete ly fit elj:her. 
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Class name 



Class description 
Relevant variables sUfining values 



S 



mountain 
galley 
deserj 
forest 
ocean 
lake 
river 

tunnel 
bridge 
, freeway 
house 

smoke 
fire 
ash 

cload 
rain 
fog 
smog 

water 

watercycle 

. ice 

liquid 
^ solid ^ 
gas 

paper 

w*lre 

. thermometer 

earth 

Sun 



brightness 

distance 

position 



shiny, bright * 
far 



It is not clear how the listed values "are, to be used. 



ERIC 



Class name 



Class description 
Relevant variables ^ Defining values 



moon 



shape 



circular (?) 
full moon 
crescent 



stars 



4 



texture 

* 

position 

constancy of lighty 
number 



rugged 

* 

in space, beyond 

twinkling, sparkling 
numerous 



y 



Science 
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Wotking Paper 4 ^ " 

ANALY'tiC N6TWDRKS AND TASK DOMAINS FOR A PRIMARY GRADE SCIENCE - 
CURRICULUM (TN 2-72-51) 

Edward L/ Smith 



In the design of instruction, specification of desired learning 

outcomes can be viewed as^ having two^ interrelated aspects: structural 

and operational. The str(ictural aspect refers to relevant subject 

matter content and its logical structure, while the operational aspecV 

refers to what the learner does with that cont^ent. This paper discusses 

the re^atio\i between these two aspects, describes various levels of 

analysis for each aspect, and finally presents structural and opera- ' 

tional specifications for a science component of a primary grade 

curriculum. These specifications define a domain within which det^^led 

skills analyses and empirical investigations of instructiorial problems 

can be carried out. A central assumption uriderlying the current * 

\ V 

analysis is that appropriate coordination of the 'structural, v^nd opera- 
tional aspects of learning outcomes cail result in the development of 
skills with considerable generality and transfer potential. 

r 

^ STRUCTURAL ^6 OPERATIONAL ASPECTS OF INSTRUCTIONAL OUTCOMES 

In a previous paper '(Smith, 1972) three levels of analysis were 
proposed for describing the structural aspect of instructional outcomes. 
At the systemic level, specialized concepts of discipline or subdiscipline 
are specified (e»g.. Weight, cost, mammal, and electron). The cmalytia 
level represents an abstraction of the logical struiCture of th^ systemic 

/ ■ 

;content. , Each systemic concept is an example of some analytic concept 
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(e.g., "weight" is an example of a "variable name," w>ile "mammal". 

^ is an example of a "class name"). Finally, ^e particular content ^ 
involves the specific jnaterials, events and so, on which -are used to ' " 
exejnplify the systemic content ' (e.g. , "mammal" might be exemplified 
by pictures of lions, horses, elephants, and people). V'^ r ^ 

Specification of content at these three levels does not, by 
itself, define* the operational aspect of an. instructional component J 
that is, what the learner should be able to do with that content. ^ 
However, the structure of content as reflected by networks or 
related analytic concepts has definite implications for operations 
appropriate to the content. 

^ For example, the variable-value analytic network includes the 
following components: ' < ' 

elements - The phenomena, to b!e described, compared, 

- related or otherwise studied (e.g., 
objects, events, systems, and s^ts). 

. Variable name. - The name of an aspect or dimension on 

* which elements may differ (e.g., color, 

weight, and cost) . 

values - The terms, numerals or other symbols 

available for assl^gnment to elements 
for- a variable (e.g., red, four pounds,, 
fifty cents). 

observation/measurement - The standard procedures or algorithms 
> procedure used to assign values of a variable to 

particular' elements (e.g". , use of a 
\ . centigrade thermometer .for determining 

temperatures) . 

Conceptual systems' exemplifying the structure represented by the 
variable-valud network are amenable to operational requirements which 
reflect that structure. The kinds of information which serve as input 



r 
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and output for a given operational requirement can be cl^sified In 
terms' of analytic concepts. A .description an operational require- 
^,ment with the input/output relations defined in te^^ms of analytic 
concepts Is called a tas^piiscription. For example, one ta^ek can ' < . 

be described as follows: carry out cm ohseroation/meaaurement ^ 
' procedure 1^ determine which value of a noAed variable accurately 

describes a given el^ent. The input for the task is an element ^and 

V ' 

a variable' name* The output is "f^vc' observation/measurement procedure < ^ 
^ and a Value. ^ "* ^ ^ ' ^ 

3y- selecting systemic and particular ^content, and by specifying 
the insttuctiorig, an item exemp|4:fying a given task may be constructed.' 
For example, one' item can be ^rmed by selecting weight as the variable 
and a particular sea shell ^s the element, and by specifying the instruc- 
tion as, "Determine the weight of this object." Although access to any 
^ needed'^eijuipment would have to be made available, no^irectipn .to that 
equipment would be giyen since the task does not specify the observation/ 
•measurjBment procedure as inpi^t. It must be' pt^ided by the individual 
performing the tas^ Cl6iarly the ta&k repres^s a large number of 
items differing ^ to the variable name, the object, and the instruc- 
tion as Well as the details of the general context. At the analytic . 

level, however, these items share a common structure. 

• \ ' \^. ., ^ ^ — , . • ' ^ • ' 

Beyond the^ir use 1^ describing existing items, the components of 

'€in analytic network define the kinds of infom^atlon 'Or actions which 

can^potentially * serve as inptft ^|td output in items.. Thus, any .two 

subsets of components of a" ne^tyo^k^ at€^sugg\stive p£ a potentially 
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'important task. The definitions of the' components can be used to 
' /interpret ./nput-output combinations aj t^sks which are riteaningful for - 
that network.^ For example the input-output combination ''^ 

in^ut: .variable name 

output: ^value , - - ' 

is meaningfully interpreted as supplying values conventionally associated- 
with the -given variable ^ame. ' Once a task has been defined for an " 
analytic network, it- identifies an operational requirement appropriate 
to any conceptual system exemplifying that analytic network. The task . 
then provide? the basis for generating items* 

The specificatibn of "a task does hot indicate the information 
processing strategies, percel)tual-motor performances^ or ather skill 
components by -which items exemplifying that task'might be carried out. 
However, the probability of payoff from detailed behavioral analyses 
is greatly , increased by'prior selection 'of important- tasks constructed 
from analytic networks which span lar^ domains of systemic' and " 
particular content. If a large number of systemic examples of the' 
analytic conce^ exist, then tasks described in temis of those concepts 
necessarily have an equally large number of potential applications. If " 
behavioral analysis of possible modes of performance in s'everal" applica- 
tions of a task reveals similar^ skill components, the generality 
and 'relevance of the skills selected for training will be assured. 

From the point-o£-view described above, the ^initial specification 
of j:he structural and operational aspects of the outcomes' for" an 
instructional component should be in terms of apalytla networks and 
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assd^i^ed task domains, respectively. These ^initial specifications 
'may^J)l revised in light of the results q,f subsequent behavioral analysi 
and e^J^jpfical studies of learning and performance on it^ms for specific 
tasks. .However, such specifications define a restricted domain within 
which further detailed analyses may be carried out. 

4 

ANALYTIC NETWORKS FOR USE IN INSTRUCTIONAL DESIGN FOR SCIENCE 
INQUIRY OUTCOMES IN A PRIMARY GRADE CURRICULUM 

Several analytic networks have been identified which characterize 

the structure of mucjv -science content in existing primary science 

programs (Smith, 1972). Thrfe^ Analytic networks were selected as a 

baSis fpr instructional design work: the variable-value network, the 

class-member network, and the intra-element relation network. 

As^ 4efined above, the variable-value network is built on tKe 

idea of primitive entities or elements. When these entities are 

described, compared or otherwise studied, only certain aspects of 

them» are considered. These aspects are characterized in terjns of 

values for dimensions or vcan^ablea. Each variable is associated . 

with 'one or more observa Aon/measurement procedures. 

l|The» class member network is built upon the variable-valuie networks 

This Relationship is reflected in the following definitions for the 

analytic concepts comprising the class-member network. 

class - , * A designated set of elements (e.g., the 

set of zebras). 

clas^' member An element which is in a^class (e.g., 

a particular zebra). 
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class name - 



defining value - 
(for a class) ^ 

relevant variable - 
(for a class 'or 
set of classes') 



partition - 



partition name - 



Ar.decision rule by- which it may be 
determined whether or not an element 
i^ a member of a class, consisting of 
".ues^^d logical connectives (e.g., 
an animairwhi:^h~4ias- Xour legs, black 
and white stripes, etc.) \ 

Name applied to an Element as a con- 
sequence of its membership in a specific 
class (e.g., "zebra"). 

A value employed in a class rule (e.g., 
four legged) • 

A variable whose values are employed in 
the rul^for a class or in the rules for 
a set ^f classes (e.g., number of legs). 

A set of mutually exclusive' (pairwise 
disjoint) classes constituting a super- 
ordinate class (e»g., the set of animal 
species) . ' • 

A term or phrase referring to a specific 
partition, that is, to^a specific set of 
mutually exclusive subclasses of a specific 
superordinate class (e^g., "speci^p of 
animal"). 



I' 

Although some classes may be adequately dealt with in is'olation,'^st . 
seem to require the "^n text of a system of related classes. For this 
reason, the last two analytic concepts wer6 included from the outlet. 

The third analytii^ network selected wfcs the ititra-element relations 
network.. 'Intra-element relational rules specify a relation between an 
element's membership in one class and its membership in another class 
defined in terms of different relevant variables . ^' Thus, these rules 



Simple taxonomic hierarchies which simply add further defining' 
values to the qlass rules are not included here. Such relations can be' 
derived directly from the class rules. This is not the case for intra- 
element relations. - . ^ 
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relate one ^set of characteristics of an element (those specified by the 
rule for one class) to another set of characteristics for the same 
element (those specified by the rule for the second class). ^ For 
example, the relational rule "clay soils have a large water Kolding 
capacity," relates the defining values of clay soils (i.e., their 
particle size and chemical composition) to a value (large) for a 
different variable (water holding capacity). Typically; many 

intra-element relations are expressed iti terms of the classes of 

r 

important partitions of the element studied in a given discipline. 
Agronomists use/ipany relations, such as the above example, involving 
the composition partition and the water holding capacity partition 
of soils. 

In addition to the components of the class-member network, the 

following are components of the intra-element relations network: 

intra-elemen.t .relation - A relation between membership in one 

Class a^d membership in another class, 
i.e., between the corresponding sets of 
defining values (e.g., class inclusion). 

. intra-element • A rule specif yingj an intra-eleinenf 

relational rule - relation between two classes (e^g. , 

"clay soils h^ve a large wat^ei^ holding' 
capacity") . 

» 

related tlasses.- An ordered pair of classes defined by 

different relevant variables, and between 
which an intra-element relation holds 
(e.'g. , clay soils and soils with high 
water holding capacity). 4 



^In the limiting case, tfie rule merely relatcjs a value of a single 
variable to a value of another variable for a set of elements. When a 
value of a single variable occurs in an intra-element relational rule, 
it will be treated as a class rule with a single defining value. 
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related .partitions - ' Two partitions of a superordinate class 

which are defined on different relevant 
variables, such that at least one class 
' of one partition is related to at least 

• - . ' one class of the other (e.g., the soil 

composition partition and ttie soil water 
* ~— • capacity partition). 

Th^e were several reasons for selecting these networks. The first 
was the^ scope of their applications. "Each was found Xo reflect the 
structure of a considerable portion of the systemic 'and particular 
content of extant Jprimary>l^ieIlce_^ro^^ (Smith & McClain, 1972; 
McClain, 1972). ^ Further support for their generality is provided by 
the attention. given to analytic concepts from these networks by 
philosophers of science. 

Second, these three networks are interrejLatedTiTa^oiad^ental 
' way. The variable- value network provides a foundation for the cli^^ 
member network while both of these underlie* the relational network 
(see Figure 1). Although it m'ight not be necessary to carry the 
analyses through J:o' the relational l^vel for the pkmary curriculum, 
it is tha^evel at which the power and utility of the variable-valufe ^ 
and class-tiiember networks 'are revealed. An ana.1ys.is of the variable-valufe 
or class-member networks in isolation might fai^ to provide an adequate 
basis for the relational network. Further, it is quite likely that 
instruction which reaches^ the relational level rather quickly will 
prove more highly motivating than -that which deals extensively with 
the lower level networl^6 In Isolation. The interdependence also meg,ns 
that considerable practice with t)ie lower level networks will be obtained 
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in the context of use of the higher level ones., This-should promote- 
consolidation and retention of earlier learnfng. 

A third reason for these selections is the foundation they provide 
for other networks. Some of the netWorks-^which might be built upon 
this foundation are also Indicated in Figure 1. The. class-member * 
network is a basis 'for inter-element relations, those in which a 
• member of one clas* is related in a^'specified way to a different- ,. ' 

element in another class (e.^... hydra prey upon daphnea)., A specialized ' ' 
intra-element relation, the whole-part relation, ±s broadly applied in ' ' . 

the biological sciences and forms the bakis of "a Network involving the 
function of the part in relation to the activity of the whole. This 
■ network would probably provide a lioint of departure for a systems " * V^' 
network. • The variable-value, class-member aiicl part-whole networks 
lead into the process-stage network. ~ „ 

The variable-value network, based on empirical variables, and the 
intra-element relations network providk a foundation for a theoretical 
variable network to cyjver variables /defined'only in tetms of other 

variables (e.g*, energy). With th</ addition o,f the theoretical variable 

' \ 

the power of the systems network would be considerably incre^ed. ' 

SCIENCE TASRvDOMAINS \ 
The analytic net^^(?<ks desc^;ibod above represent criteria for the \ 
structural aspect of science outcomes for the primary curriculum. That " 
is, they prescribe the kinds of concet>^and conceptual systems with 
which children will learn to function. As discussed above, tha 
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Figure 1. Interrelations among analytic networks. 
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selection of analytic networks puts constraints on and is suggestive 
of the operational aspect of the outcomes. Specifications of the 
operational aspect take the form of tasks defined; for each analytic 

tetwork. ) 
' « * * 

* Several methods were employed in obtaining tasks for^ the sele,cted 
analytic networks^ One method was the review and aaalysis of relevant 
literature and materials. One source wa3 extant instructional programs 
which involve systemic content exemplifying the analytic networks 
(McClain & Smith, 1970). Another source was psychological and 
educational literature related to the kinds of concepts included in 
the network (Bruner et al . , 1956; Inhelder & Piaget, 196A) . The 
'performance requirements from these sources were described » in terms 
*-of the analytic networks to produce potentially useful tasks.' . 

A second method made systematic use of the components of the 
network in generating new tasks. Since the components represent 
'information or action which can serve as input or output, any two 
subsets of opmponents represent the basis of a T)otentially us^eful 
taski Not all such combinations result in meaningful tasks, howdver* 

Judgement is required in applying the defined relltions among tjie 

. • * ' 

components of, the network in the interpretation of combinat^s as / 
^^sks. ' ' , * 

^ By taking all possible combinations of components, maily , tasks 
can be generated and a degree of completeness can be assured. Such 
a comprehensive analysis establishes a 'domain oi alternatives ior the 
operational aspect of instructional oudcomes and thus defines the 
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decisions that must be made. A domain of alternatives also allows^ 
a determination of the r'epresentativeness' of any given subset of 
tasks. Selection of a representative sample of tasks increases the 
probability of identifying generalizable strategies and, other skills. 
In addition to the judgement involved in interpreting the 

r 

combinations of components as tasks, decisions are required in 
selecting fBom among the large number of 'tasks generated. Skill 
analysis will provide, the basis for many such decisions. However, 
some initial selection of tasks which will deffhe terminal outcomes 
for an instructional component is required. Ideally, these selections 
would be made on the basis of analyses of the requirements ],ikely to ' 
be made of the child in later instruction, and in his everyday life 
in both the immediate and distant future. Such analyses are not 
currently available, hoi^ever, and may not even be possible at; the 
present time. Thus, the selections represented by the tasks specified 
below represent professional judgement. It should be recalled tha^: 
these selections were not made in isolation, however. They were made 
after the careful selection of analytic networks which appear to hje 
broad generality, and against the background of relatively comprehensive 
domains of ''tasks for each network. 

The exercise of professional 'judgetAent in the select-ion of tasks 
involved the application of the following criteria: 

^1) Does it rep resent acceptable .scientific inquiry? 

y . . ' ' 

2) Does it have informative val't^ for the performer? 



3)x Is it relevant to higher level^ n^tlworks? 



«o 
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A) Is it amenable to strategies- useful to primary sthool 
children? « 

5) Is it amenable to strategies applicable to the tasks , 
selected from the other networks'? , 

First priority was given to tasks which appeared to ineetfboth the 

relevance and the hierarchical criteria.. Second pri'ority was given 

to tasks which met only the hierarchical criteria. Tasks which met 

only the relev ance cr iteria were selected only when a network was not 

« 

adequately represented' otherwise. . ^ 

TASK DOMAIN FOR'tHE VARIABLE- VALUE NETWORK 

The task domain for the variable-value network is divided into 
four subclasses: simple description, qualitative comparison, seriation, 
and sorting tasks. Only the components of the variable-value network 
may serve as input and output. Although items for'these tasks mdy ^ 
involve more than one vari^Sble (e.g., a description on several variables), 
no class rules are involved. 

Simple Description Tasks ^ 

Simple description tasks involve elements ,> values and observation/ 

measurement procedures. They may. involve variable names. These tasks 

- » ( 

deal with element-value relations, but not wj-th element-element or 

value-value relations. _ . . ' 

Three simple description tasks were selected for specifying science 

« 

outcomes for the primary curriculum (see -Table 1).' The noridl,rected 
task represents a relatively high level of independent inquiry. It also 
requires the recall and selection of variables, an important ^kill 
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component in many higher level tasks. The directed description task 
requires a response to a variable name as do* many higher level tasks. 
The element identification task frequently occurs in a var4et>y of 
classroom situations, and involves skill components common to many 
higher level tasks, namely value decoding and some type of search 
strategy. 

Comparison Tasks . » 

Comparison tasks invo]^ve relations between two or more elements 
with respect to a specific yariable* The values assigned tp elements 

as a* result of comparisons ref.er to the relation betweeri that element 

\ 

and a specific set of other elements. These relations, may be qualitative 
(specifying only same-dif ferenf^judgements) , or quantitative (specifying 
an amount). Quantitative relationa^can be further subdivided into ordinal' 
interval and ratio relations, OnlM qualitative and ordinal quantitative 
relations wilL be considered further at this time. For simplicity, 
values referring to qualitative relations will be callecl comparative 
values (e,g,, some, different). Those referring to ordinal relations 
will be called ordinal values (e,g,, hotter, more dense, first ,* third) , 

r 

It should be noted 'that the applicability of comparative or ordinal 
values to an element is dependent, by definition, on the set of elements 
with which that element is compared. Comparison tasks therefore involve 
^ the spe<:if ication of a set of elements as^ a given input or required 
output 4^ 
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Two classes oif comparison tasks have been defined, corresponding 
to the two types of values: .comparative tasks and seriation tasks. 
The oomparative tasks selected for the primary curriculum are listed 
in Table 2. The non-directed comparison task represents a relatively 
high level 'of independent inquiry. I-t also' appears to, be a satisfactory 
vehicle for building skills required for sorting tasks. The subset 
fonjiation task was "s.elected, somewhat arbitrarily, for its contribution 
of skills While the non-directed comparison task involves recognition ' 
^and description wf relations between a given set of^lements, the subset 
selection task requires the formation of a subset of elements meeting 
specified comparative criteria, in^e directed comparison task is included 
here because it provides a vehicle for skills required for response to 
variable names. ' These skills' are required in many higher level tasks 
where* variable names serve as input or* mediating responses. 

The selected seriation tasks are listed in Table 3. The hon- 
directed. seriation task was selected because o'f the relatively high 
level, of independent inquiry it represents and because it appears to 
incorporate skills important in the discovery of. relations between 
variables. Another seriation task also appears to incorporate skills 
important to such discoveifiefe , namejy, the ' seriation variable identifica- 
tion task. The directed seriation task was included as a vehicle for 
'the skills required in responding to variable names. 

Sorting Tasks 

Sorting tasks invo,lve subsets of elements* formed on the bases of 
similarity on a specific variable. The sorting tasks selected are 
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listeci in Table 4, These selections -parallel those for the seriation 
tasks. The non-directed sorting task stands on its own as an inquiry 
task while both the npn-directed sorting and" the sorting variable , 
idenf ification' tasks provide vehicles for skills useful in discovering 

relations among variables^ The directed sorting task is included to 

I - ■ • d 

assure that sorting on a specific variable can be brought about through 

the use of t^e variable name. . "* 

THE TASK DOMAIN/TOR THE CLASS-MEMBER NETWORK 

Tasks for the class-nlember network involve cla^s rules by which 
the applicability of a class name to an element may be determined. 

ft 

♦Several classes of tasks have beep di»stinguished. Element cl^Lsificati 
requires some identification of class membership 'for a given element or 
elements ft >Iember' specif icati6n tasks provide information identifying 
a- class, but require specification of elements .which are members. Both 
of these task classes presuppose that a class rule is known by or 
ptedented^o the individual. performing^ tfie task. The third task class 
involves inferring a class. rule. Elements, or description of them, and 
rtrfonna^ion as to whether or not they are members are prJj^ided as 
input, while a class rule accounting for the membership information is 
required as output. ^ 

% 

.Tasks from, each of the abov^ classes were selected Csee Table 5).'^ 
Three element class'^ifidation tasks were selected. The o&n-directed 

' ■ • • • / 

classification task stands by itself as relatlvely^J^dependent inquiry 
While directed classification and partition identification provide 
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vehicles for additional skills. Two member specification tasks were 
selected. Member selection requires the individual to supply the 
class rule and represents a frequently occurring classroom task. The 
rule application task provides /a rule. The skills involved in this ^ 
task relate to comprehension of new verbal information. The rule, 
inference task is a version of the^ concept acquisition task widely 
thought to typify informal or contextual learning. 

THE TASK DOMAIN FOR THE- INT^RA-ELEMf;^ ^RELATION* NETWORK. ... / ' 

Tasks selected for the intra-element relations domain represent 
somewhat arbitrary selection from each of four task cla&ses. Rule 
applic'ati^Dn tasks provide a relational rule as input. The selected 
rule application task (see Table 6) also provides the name of one of 
■ the related classes and a set of elements including members and non- 
members of the named class. The elements must be presented such that 
membership in^the named class cannot be determined by use of the class 
rule for that class. The required owtput includes specification of 
members and non-members of th^ named class. ^ 

r 

Prediction and explanation tasks require a familiar 'relational 

f' ' . ' 

rule and class name as output. The , selected prediction task provides 

a partition name as input while the expl-anation task pi:crv±des the. name 

of one of the related classes. Th§i. fourth class of tasks, rule discovery, ' 

requires a novel relational rule as output. The selec*ted rule discovery 

task provides a set of elements for which- a relation, holds between 
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me'mbership in two familiar classes, and the names of the partitions of 
which the related classes are constituents. 

The relational rule application task provides a vehicle for skills 
involved in comprehending and utilizing rules from secondary sources as 
in problem solving. The other three tasks represent relatively * 
independent inquiry for primary children while providing a context for 
aeveloJ>ment of ''skills required for higher level inquiry tasks. 

*• ^ . DISCUSSION 
The relation between task analysis and behavioral analysis of 
^ performance requirements fpr given tasks was mentioned above. As 
stated by Klahr and'Wallace (1970, p. 360), *'The objective task 
structure alone does not y^leld a valid description of thiS solution 
performance, and it is .rjec^ssary to diagnose the actual psychological 
processes 'in great detail to obtain minute descriptions or well 
supported inferences about the actual sequence and content of the 
thinking process." However, the resource requirements for such 
analysis ara so great that considerable c^re must be taken to 
maximize the probability that generalizable strategies and skills 
will be identified. Procedures have been described above Fo? 
structural analyses of content in |;erms of analytic networks and • 
operational analysis in terms of t;asks. These procedures provide a 
means of defining a greatly restricted domain for behavioral analysis, 
a domain with considerable potential for the identification of -broadly 
generalizable strategies and skills. Inhere the time line for program 
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development preclude extensive skills analysis, the procedures provide 
a means of generating and describing potential outcomes whicb reflect 
the logical structure of 'relevant conceptual systems. 
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* Working Paper 5 

A SKILLS ANALY'SIS OF SELECTED PRIMARY LEVEL^CIENCE TA^KS (TN 2-72-60) 
Edward L. SmitfiV Janis J. McClain, and ShariMi^uchenbecker ^ 

An analysis of scientific inquiry behavioAfor constructing a 

primary level science progarm could be carried ou^ in many ways and 

♦ 

'at many levels. One could examine the behavior of mature scientists, 
teach gam^s ^^hich mimic experimental procedures, analyze traditional 
topics su^^ as deduction and induction, examine the strategies of 
children, or conduct studies to optimize commonly used science 
instructional techniques. Rather than prorposing extensive 
behavioral analyses or reworking old instructional solutions, we 
^ have concentrated on identifying frequently occurring classes of 
concepts (tontent analysis), specifying tasks relevant to those 
classes of concepts (task analysis), and describing solution alter- 
natives for those tasks in the form of flowcharts. 

If these solution alternatives are adequite, then the flowcharts 
specify what must be learned in order to carry out certain kinds of 
scientific inquiry. The flowcharts are not general models of children's 
thinking or descriptions of how children typically perform the tasks. 
Rather, they are descriptions of supposed minimal cognitive events 
by which the tasks might be successfully executed. The capability 
of carrying out these events represents possession of "inquiry skills." 

; 

The development of such capabilities or skills is the goal of instruc- 
tion in scientific inquiry. The preparation of descriptions of them 
is the main function of skills analysis. Appropriate sequencing and 
instructional procedures remain to be specified. 
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The distinctions between the different levels of analysis of 
performance that we Histinguish are illustrated with the following 
example (see Fi&ure 1). A child is presented with a set of six 
com seedlings (A-F) growing in similar contaii^prs, and is instructed 
to "order them according to their vheight" (see Figure la). After 
a quick visual scanning of »all the/plants, the child selects 
two (C and E), places them next to one another, and looks at them. 
He. then s^elects a third (\) and places it, in turn, in front of each 
of the first two.,' He then adjusts the first two making room to place 
the third between them. The three are properly ordered in heijght, 
(see Figure Ic). The next plant selected .(D) is somewhat shorter 
than the others. The child places it in. line next to the shortest ^ 
of the ordered plants and, after look:^ng at both, selects another 
new plant- (F). The child first places this plant in front of the 
next-to-the-tall^st plant (A). The new plant is shorter. He then 
places it in front of the next shorter plant (E) . -^fter looking at 
those two plants, he places the new one between the two with which 
he had compared it (see Figure le). He then takes the sixth pl^nt 
(B) and places it in front of the next-to-the-smallest plant in the 
row (E) and looks at them. The new plapt is taller. He moves the 
plant to the next taller plant in the rdw. This plant is very nearly 
the same height as the new one. After ibbking back and forth for* 
^ome time^ the child adjusts the new platit so it is directly in 
front of the plant in similar height. After looking around the 
table, the child turns and, with a shrug and a sigh, says "There!" . 
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^ ^ The performarice described above can be analy?kd at three levels. 

' The task , described apart frbm the content^ w^as to\ produce a set of 
elements ordered ou a variable given the unordered .elelnei\ts and the 
name of the variable .'^ The cbntent involved included the "height" 
conceptual system and the com plants with their respective heights. 

Important skills involved in the performance of the task are 
identified in thej diagram in Figure, 2\ The boxes represent hypothesized 
individual processing steps required for performandeV These include 
dec\^ing of verbal input, visual scanning and search/ retrieving of 
information ^ from lon'^-term memory ,^ utilizing spatial position to 
reprejsent order, and others. These processes are described in more 
detail in a^ later ' section of this paper. The sequence of processing 

.steps, on. tlie other hand, represents an inferred strategy for carry- 
ing out the performance utilizing the component processes. The' 
strategy is analogous to a cqmputer program which the individual 

* • 

constructs*, largely from stored information, in order to perform. 

« • 

'Execution of the illustrated strategy represents one relatively 
efficient and effective means for carrying out the task on any 
appropriate content. The strategy results in constructing a spatially 
ordered subset whifch, no matter how many elements remain to be ordered, 
is properly ordered on the ordering variable. Further, only one. hew 
element is introduced at a time. These features result in a minimum 
memory load. The strategy allows educated guesses as to where in the . 
sequence a new element will fall without resulting in erroneous 
ordering if the guess is inacturate. This allows reasonably efficient 
performance without high risk of error. 
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The processing routine illustrated above, and the others reported 
in the^ptesent paper, were devised as reasonaily simple, eff^.cient, and 
reliable approaches for carrying out th^ respective tasks. They do 
not represent inferences as to how children (or adults) typically* 
do perform the task. Rather .they represent a. preliminary specif ica- 
tion of how children ^might perform the ,tasks following > appropriate 
instruction. 'As such,v they are subject tq modification on the basi^ 
of empirical studies. , ' 

FUNDAMENTAL PROCESSES INVOLVED IN THE ROUTINES . ^ 
-» • 

Analysis of the sllills with which a specific task may be performed 
involves the specification o'f a sequence x>f. processing steps. A par- 
Ocular processing step is described as acting upon certain input * 
information by transforming 4.'t or u^ing it to obtain other information. 
The output of the step is the 'new or tran^ormed information. In 
specifying a procea;^ing step for a given task, t\ie kind of process 
involved is identified by^^r^awijing a fundamental process whose general 
nature has beeh previously described elsewhere? The descriptions of/ 

these fundamental processes represent hypotheses based on current 

X » 

psychological^ knowledge. Fundamental Vxocesses are further divided 

into primary, secondary and tertiary processes /x A processing step 

'Irlvolving a primary process represent? wliat , for purposes of the 
\ 

analysis^at legist, is considered to be a Unitary skill, e.g., decoding 
a variable name^e.g., "height**)^ In Figur'e 2. Secondary processes are 
frequently recurring sequences of primarjr processing steps', e.g. , the 
SERIATION -process in Figure 2. Tertiary processes may be defined in 
"terms o£ both. primary and secondary processes. 

u ( , ■ . 
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The coordination ^Df a set of processing. steps into a functioning 
system represents a skill of a different type. Such coordinating or 
directing skills will be referred to as strategies'. They can be thought 
of as control programs which call upon the fundamental processes as . 
needed, ^.individual who had acquired the strategy described' in the 
flowchart in Figure 2 would perform the seriation task in a, manner such 
as presented in the above example. In the following sections, fun- - 
' damental processes are" defined and briefly discussed "in te^s of tHe 
theoretical points-of-view they reflect. 

) 

PRIMARY PROCESSES RELATED TO LONG TERM MEMORY 

Several processes involve gaining access to information available 
in the individual's long-term memory. The demands ^nade on a model of 
long term mempry in defining the primary processes include specification 
of the natureN^the information stored, the kinds of information which 
can be used to gain access to stored information, and the major 'process- 
ing steps distinguished. * * ^ 

Frijda (1972) ^describes a model of long-terra memory, some version 
of which is utilized in/ nearly all information processing theories 
and simulations. According to -this view, information stored is an 
associative network of items or\nodes, each leadin'g to any number of 
other nodes-the associations of the first node. The stored items or ' 
nodes are generally considered to be Concepts or ideas themselves - 
rather than names used to refer to them or images exemplifying them. 
Although this is ,a somewhat vague ]josition, the important point^seems 
to be that^hat is stored is not words ot images but rather information 



from which words, images and |ctions are reconstructed, as proposed by 
NeiBser (1967). Thus, once activated or acces'sed, a node makes 
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inmediately availably a number of operational' options. / Nodes are 
accessible by way of other nodes to which they are linked, by way of 
items or stimuli that in some sense resemble them (i.e., that resemble 
some level of reconstruction), or through the decoding of labels that 
refer to them. . ^ 



I 



DECODE ' ^ 

This is Che primary process by which an associative network 
1b. entered by way of a verbal l^bel for (She of tTie constituent^ concepts 
The input for the, process is the verbal label. .Decoding of the label 
results in the activation of a concept or node in the network. This 

*doe& not necessarily result in the reconstruction ^f images, actions,^ 
or verbal entities. In effect, the DECODE process opens the way to 

.many possibilities, but it remains for the next step(s) to take, 

advantage of on^ or more of them. The possibility that the indi- 

V 

vidual is set to pfexiform another step which then follows autdmat'lfecally 
from the decoding nee^ nW concern us here. The point is that .access 
to the storage network must be gained as a result of processing the 
verbal label. This is the function of the DECODE process. 

RETRIEVE • , ' ^ 

Once a node in an associative network has been activated, e.g., 
by DECODE, access is gained to other nodes in that network. However, 
some directing process insures that the appropriate node(s) is 
activated next. ' This involves the RETRIEVE primary process • The 
nature of this directing mechanism is. not further elaborate here. 



At present it feeems sufficie'nt to s§y that it is capab,le of directing 

\ - T . 

the RETRIEVE process to a connected node^gwh^-ch is related, to the. 
.original node in a specific way. Thus, the input of RETRIEVE can be' 
characterized aS on^ concept.' arid its output as another. Jiist as was 
the case with DECODE, RETRIEVE does not output any images, words or 
actions although it does make such further stepjs an immediately 
available option- RETRIEVE can usually avoid retrieving a recently 
retrieved node through short term recall of associated information.- 
This allows the process to recycle efficiently until appropriate 
information is obtained. \ 

INPUT STIMULUS ANALYZING PRIMARY PROCESSES 

Several primary processes are defined which seek and analyze 
input. Input is viewed as containing an enormous, ^ount of informa- 
'tiohj^only a portion, of which is atttended lo or detected by the 
individual on a given pccasion. Analysis of the input iq viewed as 
taking place ^at different levels, each level involving, its ' own unique 
kind of processing. Preattentive processes have a large capacity for 
parallel* activity, they construct perceptual "obj-ects" ill a figure- 
ground differentiation sprtse* These processes are limited, however, 
,in the level of entail and precision they represent. Basically, they 
sigaal when more 'detailed >analysfs of particular input by other 
processes is warranted. The higher level processes^ which require 
attention are lii^ear. They construct detailed images and. are more 
selective. ^ , ' 
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SCAN ) 

% This is a'pritnary process which represents a rather rfursory, 
largely visual, exploration of the stimulus field. It establishes 
a figure-*ground differentiation of objects and^etects a few salient 
features which may^ enter short-term store. However, only ^partial 
infomation^is obtained, even ii> the visual modality. Detection of 
certain salient and/or relevant featured usually ""terminates the SCAN 
process, or at least relegates it to a background role, and triggers 
some attentive processing. Thus, the input to SCAN is undifferentiated 
stimulus information while the outpiit is one or more differentiated 
perceptual objects. In most cases, many features which are relevant ' 
from a formal point-of-view are'no^ detected by SCAN. 

CHOOSE 

This is a primary ^process which operates on a set of stimulus 
objects previously differentiated, e.g., by SCAN. The output is one 
object which then becomes the focus of attention. The criteria for 

this selection are not formal. Rather, such factors as visual accessi- 

> 

bility, proximity to the observer, and . the relative saliency of detected 
features are entployed. From a formal point-of-view, the process is 
essentially' a random selection. One exception is- that CHOOSE can 
usually avoid selecting previously chosen objects by utilizing feature 
information stored in short-term memory. This information may well 
be otherwise irrelevant to the task at hand. 




ERIC 
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" ACT - - 

This is the process of acting on an object in such a manner as 

to obtain a particular kind of input (e.g.,- color or temperature 

information). This might involve orientation of the r^eKjuired organs, 

exploratory movements such as visual scanning or tactile exploration,^ 

and/or manipulatioii of objects such as hefting or squeezing. Per- 

formance of ACT requires a prior retrieval of the appropriate action 

from long-term memory, i.ej^, activation of the observation action 
HI «" . ^ 

' ^node in an associative network. This activation makes av^ailable the 
information from which a control program can be reconstructed. For 
.present purposes, np distinction will be made between the construction 
and execution of the program and ACT will be treated as a primary 
process. It may eventually prove necessary or useful to break it 

■A 

Mown further. The input for ACT includes the observation action 
concept and the differentiated object on which the action is to be 
' performed. .The output is the ^resulting input to the individual. 
Analysis of the input Is carried out by othet processes. 

SSLECT 

. This is a primary process which sorts relevant information from 
irrelevant. In particular, it filters out almost all information 
except ^or that for the variable (dr variables) judged relevant to 
the task at hand. , Thus, the input is undifferentiated it^put and the 
variable concept. The output is information on the relevant variable . 
^bout the perceived object. Actually, the process is not simply a 
next step following complete execution, of ACT. Rather, alone with 



• V 
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ACT it forms an active system with a feedback capability which 
allows modification of the detailed functioning of ACT until the , 
appropriate input has been made available. ^Xhis represents a 
monitoring function of SELECT. Such feedback- mechanisms' Are * 
pVobably involved in many primary processes. The large number 
makes it cumbersome to make them all explicit in the'' task routine. 
This aspect of the primary process is probably important to keep 
in mind, however. 

lENCODE 

This primary process analyzes in "detail information which has 

been attended to, e.g., as a result of SELECT. The general nature 

of the information has already been determined (note the nature of 

ACT and SELECT) and it remains for ENCODE to make a 'determination 

■ f 

about this specific case. For example, ENCODE might be preset to 
analyze texture information. ACT and SELECT have made such informa- 
tion available. ENCODE determines whether or not tjie texture 
information is novel and, if not, categorizes it in some manner 
based on previously experienced t'exture information. If the informa- 
tion is novel, a new category is created. Thus, ENCOD^ itri;olves . 
long-term memory. In terms of an associative ne'tvork, the analysis 
of texture information activates a node repres'^nting a texture yalue 
concept or else forms a new node paralleling other texture v^fue nodes 
The input for ENCODE is selected non-verbal sensory information. The 
output is a value concept (the activation of a node). Undoubtedly, 
some additional contextual information about the experience will entir 
short-term memory. Some may also enter . long-term memo'ry. 

1 O w i 
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OTHER PRIMARY PROCESSES 

COFffARE ' ^ 

This primary process determines the comparability of two encoded 
units of information, e.g., encodin^fes of texture information for two 
objects. COMPARE essentially monitor^ the node or nodes* activated as 
a result of the encodings a If the same node is activated on both 
occasions, a judgment of comparability is made. If different nodes . 
are activated, a judgment of non-comparability is made. The output of 
COMPARE can itself be viewed as the activation of a node in a network. 
This network includes nodes corresponding to* the concepts "same" and 
"different" (and perhaps others). The activation of die of these 
nodes_jnakes immediately available certain operational alternatives 
including verbal output. The particular alternative to be executed, 
if any, is determined by some controlling mechanism which represents 
the strategy being employed by the' individual. 

PLACE 

-This primary -process involves a spatial placement of an element 
to indicate its 'membership in a set.* The criterion for placement is 
unspecified 'in the process itself although it will usually be retained 
in short^-teoLJDemory from eayll^r steps. The input to the set is an 
element currently attended to andean affirmative r^^lt from 'the 
application of the criterion for set membership. The output^^is the 
element in its new spatial location. A variety of contextual informa- 
tion placeii in short-term memoryuStjaJly enabj.es the individual to 
recognize the subset previpusly set aside by PLACE. 



ERLC 
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^ Discard " • 

This primary process is closely related to pIaCE since it involves 

spatial placement of an element to indicate nonmembership in a set 

defined J>y a criterion from a previous step. However, DISCARD is not 

simply PLACE using the inverse criterion since DISCARD implies that 

» - • 

the element is of no further interest, at least temporarily. Previously 
discarded elements' can subsequently be reconsidered for further process- 
ing, howeve^r; DISCARJ) can be used to form more than one discard set 
during the performance of a single task. Furthermore, the permanency 
Of the discard may differ between sets, e.g., one set may be discarded 
for the time being while another is permanently discarded. 

ORDER 

This is a primary process which attends to and assesses the 
magnitudes of two differing encoded units of informaliion. ORDER 
sequentially evaluates .the two magniyddes and then hierarchically 
orders them from lesser to greater. This primary process then 
basically monitors the nodes activated as a result of the encodings. 
The COMPARE secondary process usually precedes and determines 'whether 
or not different nodes were activated during encoding. If this results 
in a judgment of non-comparability, it is the function of ORDER 
to evaluate the two nodes successively and to seriate them appropriately. 
The output of ORDER can itself be viewed as an ordinal concept, i.e., 
the activation of a node in a network. This network includes nodes 
corresponding to the concepts of ''more." and "less'* (and perhaps qthers). 
The activation of one of these nodes makes immediately available certain 
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operational alternatives including verbal output and appropriate 
serial positioning of the elements. The particular alternative to 
be executed, if any, is determined by some controlling mechanism 
which represents the strategy l^eing employed by the individual. . 

POSITION ^ 

This is a primary process ^which functions much like PLACE. It 

allows representation of information about rela^|.ons between elements 

to be. coded temporarily by spatial .position. Whereas PLACE utilizes 

only spatial proximity POSITION uses linear sequence. Thus, POSITION 

requires discrimination of the "greater than^' and "less than" directions 

in a linear array and one or two previously ordered elements relative 

to which the new element will be located. The process must be capable 

of spreading out the linear array to make room for a new element if 

necessary. Also, it must be able to place an element beside ati 

ordered one on a line perpendicular to the array to 'indicate sharing 

ft 

the same position. The input is an element, a set of ordered elements 
with one or two dis'tir>gtiished as a reference, and an ordinal concept 
which relates the new and reference .elements. The output is a set 
of elements with the original order preserved and the new element 
properly positioned with respect to the reference element(s). 

REPORT 

This is the process by which verbal responses, are made. The 
input is a concept. The output is a verba^l label for the concept 
emb^diJed in an appropriate linguistic context (not necd^arily a 
complete or correct sentence). 
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PRESENT 

This is a p.rlmary process which can be use4^ to indicate an element 
or set of elements as a task output. This may be used to communicate 
nonverbally the result of a task which requires element selection or 
formation of a set of Elements. The process involves Redirecting 
gesture and some devi^ip^ for delimiting the referent of the gesture. 
This could be a furthest gesture or a spatial separation of the element 
or elements. 1 

DESIGNATE 

This process assigns a specific role to an element or set of 
elements for use in further processing. For example, one element 
may be assigned the role of model for formation , Of a subset. vSubse- 

■ i 

quent processing steps treat the element in a manner appropriate to 
the assigned role. 

This process can be conceived as a temporary assocJLation of 
identifying features of the element with* a conceptual node representing 
the specific role assigned. However, the role concept is not an 
integral part of a conceptual network including the specific variable, 
values, observation action, etc. Rather, it is part of a network 
associated- with the strategy. The DESIGNATE process is somewhat 
similar to the RETRIEVE process in that part of the input comes, not 
'-^* from the previous processing steps, but from some (Jirecting mechanism 
or representation of the stralfSgy. In this case, the perceptuallv 
differentiated element is the output of preceding processing steps 



J 
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bu,t the specific role to be assigned is not. The nature of the 
controlling mechanism's and the representation of the strategy in 
memory have not been further elaborated. 

4 

In the context of the processing routine, the input is the 
perceptually differentiated element, and the output is that element 
assigned to the specified role. This description of the output is 
vague, but the effect of this processing step is reflected only, in 
the way the element is employed in future steps. 

SEARCH - ^ 

This is a loosely defined process which involves coi^truction 
and execution of. an action program for finding some object in, this 
e'^vironment . It tVkes as input a concept or activated node repre- 
senting the searched-for object. The process utilizes any available 
information from memory concerning the probable location of the object, 
routes to i,t, etc., as well as any available visual scanning and 
other search^trategies. The output of the process is the object 
which is then available to the individual for fu;rther processing. 

SECONDARY AND TERTIARY PROCESSES 

INFORM (variablie concept variable name or value name) 

INFORM is a secondary process which produces a verbal report 
identifying a specific variable (see Figure 3)., The input is usually 
a variable concept or ^^ue ^concept. The output is a variable name 
or, if the variable name cannot be retrieved, values describing one 
or more elements on the variable. 
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Figure *3. The INFORM secondary process/ Input: 
Output: A. variable name or value names. 
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COiffARISON ' (variable concept, Element A, Element B comparative 
^ ' Concept) ' ^ A. N 

'This- is a secondary process which tak^s as input a variable 
coqcept , (i.e. , the node activated by decoding V3f variable name or 
an appropriate retrieval process) and an ordered pair of elements. 
It compares the elements 'on the given variable and outputs a com- 
parative concept applicable to the ordered pair of elements. Thus, 
the COMPARISON process does "not produce -a verbal report although 
it makes suqh-a report immediately possible. Alternative steps 
might be carried out next 'instead* The ident;ities of the elements 
and the comparison variable are riii^lntaitied. figure 4 ^indicates a 
parallel execution of processing steps.' Thi^ indicates the desir- 
ability of near simultaneous observation of the two , elements . 
"Parallel processing" ixi the technical psychplogical sense is not 
implied. Fui*tliermore, feedback , from the self cting and encoding 
»stepSsjfo the ACT step undoubtedly occurs creating an active 
subsy^tem^. Such feedback systems are very comm6t>, but to avoid' 

- »■ r , <^ 

excessive complexity, are not ^always diagrammed. 

SERIATION (variable concept, ^Element A, Element B ordinal concept) 

This tertiary process (Figure 5) us^ as input a variable 
concept and a pair of elements. It initially processes the' elem'fents 
utilizing the COMPARISON process. If the eleipents are of the *-same" ' 
magnitude on the vai:iable obs/srved, SERIATION outputs a comparative, 
concept applicable to the elememts. If the elArpents are- not of the 



same magnitudes, SERIATION assesses the relative magnitudes of the 
elements usigg the ORDEl^ process. This process outputs ay ordinal 
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Figure 4. The COMPARISON secondary process. Input: A variable 
concept, Element A, and Element B» Output: A comparative concept relating 
Element A, and Element B on the input variable. 
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Figpre 5\ , The SfiRIATION secondary process, Itlput: A variable 
concept, Element A, and Element B. Output: An ordinal concept relating 
Element A,* and Element B on the input variable. 
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concept^, "greater thSn"'or "less than". The identities of the elements 
.» must be maintained and coordinated with the ordinal concept. The 

SERIATION process does not produce a verbal report although it makes 
such a report in^mediat^ly possible. ^ Motor manipulation and g^quential • 
ordering of the elements themselves are also possible. The identity . 
. of the seriation variable is maintained,- 

^^T.CH (set of elements, model element, variable concept elements 
. comparable to the^model on the variable) 

This tertiary process '(Figure 6) involves multiple applicaT 
; tions of the COMPARISON process. The input is a set of elements, a 

i; ' ^ . . • 

.perceptually. differentiated model element, and a variable concept. 

Pairwise comparisons are made with those elements found comparable 

to>the model being grouped spatially. The recvcling terminates when 
' all elements have been used. The output is a subset of elements, each 

comparable to the model on the given variable. The identities of the 

model gnd.'^the variable are maintained. ^ 

■ ' '\ y ' •• 

I ^lATCH 1 (Set of elements, model element, variable concept an 'element 
- . comparable to the model on the variable) 

This tertiary process is very similar to MATCH. However, it 

terminates when one element is identified as bei^ comparable to the ' 

model (see Figure 7). Thus, the output is a single element similar 

to the model on the input variable. 

NONMATCH (v ariable concept, element, set of members ^ placed/discarded 
element depending on. whether or not it differs from all of 
the members on the input variable) 

This tettiary ^process determines v^hether or not an element differs 

from each member of a set on a particular variable. The process chooses 
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Figure 6. The ftATCH tertiary process. Input: A variable concent, 
a set oi- elements, and a model. Output-: A subset of elements similar to 
the model on the input variable. u 
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Figure 7. The MATCH-1 tertiary process. Input: A variable concept, 
a set of elements and a model. Output: An elemei>t similar to the model, on 
the input' variable. 
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standards one at a time and makes pairwise comparisons with the 
element using the COMPARISON prooesS| (see Figure 8). If the element 
is the same as any member, it is discarded. If it differs from 
all'of them, it is placed with them and is itself designated a 
member. 

PPOCESSING ROUTINES 
In this section, processing routines in the form of flowcharts are 
described which represent solution alternatives for a set of tasks 
based on the variable-value analytic network (Smith, 1972). The, 
fundamentarl processes involved are identified by name in th|? 
flowcharts. Rectangular boxes represent primary pracesses while 
-square boxes represent secondary or tertiary processes'. 

PROCESSING ROUTINES FOR DESCRIPTION TASKS 

Processing routines are presented for three description tasks. 
The tasks (Table 1) require pairing an element with one or more 
descriptive values utilizing an observation procedure. The strategies 
devised for these tasks (Figure 9-11) involve matching an element to 
one of a set of standard elements for a variable. Pairwise comparisons 
are utilized in the matching secondary processes MATCH and MATCH-1. 
The standard may be labeled or not. If unlabeled, the individual 
must be able to retrieVe the appropriate^ value label for a standard 
from long-term memory. 'Although this approach appears cumbersome 
and somewhat superfluous for some familiar values such as the primary 
colors, it provides a means for dealing with new, unfamiliar values. 
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Figure The NONMA^CH tertiary process. Input: A variable conceot, 
an elBm&nt, and a set of members. Output:* A placed/discarded element, depend- 
ing on whether or not the element differs from all the members on the input 
variable • 
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Figure 9. Processing routine for the directed description task 
(employing standards). 
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More importantly, it provides a basis for development of measurement 
strategies, and the use of unit standards of measurement in particular. 
It can be short circuited when the individual attains sufficient 
'familiarity with the relevant features and labels. 



PROCESSING ROUTINES FOR COMPARISON TASKS 

The comparison tasks (Table 2) involve a ^ngle set or subset of 

elements exhibiting a particular comparative relation (similarity or 

difference) on, a variable (e.g., a set of teetfe all having .similar 

forms). All of the processing routines for these tasks (Figures 12-17) 

involve using spatial 'grouping to indicate subset membership,* designating 

the first element chosen to serve as a/ subset model, and scanning for* 

unused elements as a basis for determining whether or not to continue 

in a processing loop. They utilize Aairwise comparison of an' element 

and a m^del with the placement of tne element in the subset contingent 

I * 

on the result. The routines for the 'subset formation and comparison 



variable identification tasks usinj 
15 and 17) have one level of recyc 



loop compares a new element with e< ch *ineinber already in the, subset. 



'The outer loop obtains new elements 



the difference criterion (Figur^ 
ing embedded in another. The inner 



one at a time until none remain? 



PROCESSING ROUTINES FOR SORTING TASF 

The porting tasks (Tabje 3) invc^ve exhaustive placement of 
elements into subsets based on similarity on a variable (e.g., leaves 
sorted according to the type of edge thev possess). The strategy 
employed in the routines- of these tasks (Figures 18-20) involves 
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- Figure 12. Pi^cessing ' routine for th^ directed comnaTlson task: 
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Figure 13. Processing routine>fjor th6 nondirected comoarison task. 
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>igute 14. Processing roytine for the subset formation tack with • 
the similarity criterid^. » ' , 



I 



•178- 



INPUT: set of 
elements, vari- 
\able name 



SCAN 

elements 



DECODE 

variable 

name 



CHOOSE 
element 



perform 
NONMATCH 
on element 
and members 



SCAN 

elements 




Yes 



RRESENT 
subset of 
elerllnts 




DESIGNATE 
elenent as 
a member 



CHOOSE 
an unused 
element 



Figure 15. ProcAsinft* routine for the subset formation task with 
the dif.ference criterion. 



ERLC 



r 



INPUT: set of 
elements , ''same*/ 



•179- 



SCAN 
elements 



RETRIEVE V 
ypused vari- 
able 



CHOQSE 
unused 
element 



.D&SIGNATE 
] ielenieht a 
model 



DESIGNATE 
unused 



perform 
COMPARISON 
pn element 
and model 




CHOOSE 
unused 
element 



Yes 



Yes. 


PLACE 
element in 
"used*' sub- 
'Set ' \ 




SCAN 

unused 

elements 




> >■ 









perform 
INFORM 
for the 
, variable 



\ 



Figure 16. Processing routine for the simil^itv variably identifica- 
tion task. ; 
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Figure 17. Processing- routine for 'the dif fej:encB*var*iable identifloa- 
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Figui;^ 18. Processing routine for t'jpt^ c'irected sorting task. 
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Figure 19. Processing routine for the nondirected sorting, task. 
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choosing an element to use as a model and then identifying all other 
elements similar to it on the sorting variable, temooratilv discarding' 
all others. This is repeated with the remaining elemer\ts until all 
are'sorted. This is essentially a repetitive use of the strategy 
QmjTloyed for the comparison tasks with the similarity criterion. As 
with t,he comparison task rnn^^np<^y^^<^ ^tl'^!* gro^jpinj^ i <= ^ggf^ ^n -fnf^irj^fp 



subs et- i^efflbe^-shi pt, a nd indi\^i-4 u a l G l oment-s 6 rc opccifiofl s ubGct * 

models'". The repetitive use of the subset fonhation strategy requires 

two levels of recycling. One depends on there being unused elements 

durinjg the formation of a subset, while the other depends on there 

being unplaced elements remaining after .completion of a subset. 

The sorting variable identification routine'' (Figure 20) has two 

parts* The first determines whether or not all elements in each subset 

are similar on the variable under consideration and involves the strategy 

ju^t described, ^he Second part determines whether or not all the 

subsets differ from each other on the variables. The strategy employed 

*here involves choosing an element from one. subset and compating it to • 

one element chosen from each of ten other sub*6ets. If.it differs 

fvom all -of them^ its subset is set aside and an element. from a 

second subset is com'pared^to one from each of the remaining subsets. 

. ' \, . • . 

This is repeated until only one subset remains ot until similar sub- 

sets are detected. The' detectiorL of similar subsets indicates that 

an inappropriate variable was chosen. and the entire routine is re- 

pea^ted with another variable. ^ , ^ ' • ^ • 



V 



PROCESSING ROUTINES FOR SERIATION TASKS ^ ^ 

. ^ ^.^ • 

The seriation task^s (Table 4) involve, seta of ^elements ordered 

* . • «^ 

along a specific variable.' The three tasks parallel the sof^fing 

• * *^ ; 

tasks. That is, there are directed and nondirected seriatdon tasks, 
and a seriation variable identification task. The routine for tl^. 
directed seriation task was p.r,esentpd and briefly described earlier. 



(Figure 2). ;The strategies for this and the other seriation tasks 
(Figure$ 21 and. 2*^) utilize spatial representation Qf 'tbe order on 
the .serig^tion variabl^a. IHIs sane strategy is^eirployed in the^dii;ected 
and nond^irected seriation tasks^ " It involves selecting one element 
and considering it the first jnember of an ordered s-et. Other elements*" 
are selected one- at a time to be seriated on a paijrwise basis with 

; • '\' " ' . • . 

previbysly ^ordered elemepts. At any tiire cluring nerfonranc^: c^" the 

tasic, the .previously considered^dlettients or '^members" are completely^' 

otdered. The selection of the merr.ber (ordered element) 'with wh4ch^* 

to be^jin. 'c^tnparing a new elenent i^^ open, thus -allowing for educated 

' - . * • ' ' ' ■ i ' • ' ' / 

guesses; ^ Onqe a standard has been selected, however,- Systematic . 

■ . ^ ' . . ^ , * 1 . ' 

progression up or. dovnV the ordered, set is employed to locate the 
correct positr*fen' for the npw el-ement^ ♦.Pooru first guesses will be 
rorr^c'ted by tl\is procedure^. The* strategy requires that the "greater"' 
and "lesser" directton^"^' be recalled^throughout- the t^sk. 

The strategy employed in* the routine for the seriation variable 
identification task (Figure 2'^) involves starting at one end of the 
spatially ordered set^ determi^iing^^tjm^order of the first pair af 
^lem^nts on the variables be/n^ "^rifi^d, and then carrying oyt systematic. 
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Figure 21. Processiftg routine for the nondtrected seriation task. 
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Fij^ure 22. Processing routini^ for the Seriation Variable Identifica- 
tion (SriV) tf\3k. 



pairwise co^i^risons along the set to see if the s-an^^ order holds for 
each adjacent pair. If sub,sequent* pair^ reverse the order, the routir^ 
is begun again and. a new variable is tried. Pairs found to be the 
same on the variable do not effect the result; unless all are found to 
be the same. This strategy requires that the original order of the 
elements be' carefully maiptained, i.e., the member and the new element 
must not be Iconfuse-d. . * * . 

' DISCUSSION , 

The processing* routines presented above describe h,ow their 

corresponding tasks might be performed. Along wifh definitions of 

the fundamental processes, they represent hypoth^s^es about skills 

.involved in task performance. These hypotheses can guide the design 

of instruction for the tasks. In particular, they provide a basis ^ 

for "specifying outcomes at the. skill le^^el, -for specif^^ing assefe^igent 

procedures, for sequencing outcomes, and^for .identifying useful 

instructional strategies. Two levels of skills are made explicit in 

the processing routines presented in this paper> the^ specific process- 

ing skills represented by the primary protests,, and -the coordinatTnp^ 

skills represented by the sequences of prcftessing steps. 'Specific 

processing skills must be acquired^ with , each new systemi'c network 

» 

(Specialized conceptual system) fdr^'i^ich the tasks .will be pe^formed^, 
For^examole, the capacities to decode and retrieve variables and 
variable pames\ to Retrieve ahd carry out new observation actions, 
aqd to select and encode ilelevant' senso^ input must b6. acquired for 
each new set of systemic content, regardless of previous learning with 
similar sets of content. * . ^ ' 



In addition to the specific p^rocessing' skills , coordinating 
skills must be acq.uired which control the 'seqiiencin^ of specific 
processing 'sfeps.in carrying out tasks, "In* the earlv stages of 
learning task, ^these coo^W.nating, skills , may ^Iso be specific 

to* systemic networks. As ^mil^r prqce^'ing routines^are mastered 
for each' of a saries of p^ralj/el systemic networks, .the sequence, of 
processing steps may b^ome atsti>a:cted' and-- represented in a general - 
form. Subsequent execution- of a similar routine with a riew syjstemic 
network can thei^take place without special instruction ' so loiig as' 
the specific ^ocessing skills for that- network have been acquired 
in some other conte:^t,^ The abstracted sequence of processing steps 
is referred to as a strategy , ^r-i; ^r^tf^ThP functional acquisition 
of a strategy, the. sequence^ of processing steps^ must also be acquired 
for each new systemic netwoifk, ' • ' c * * 



IMPLICATIONS FOR SEQUENCING INSTRUCTION ■ ' ■ ' 

^ A primary c^nsiderati<5n in the sequencirlg of instruction*^for a 
set of .tasks is>th^ e'xtent to wTiich they involve common skills, A * 
{Jreliminajry> determin^ipn of ^hese Relationships' cap be made .)Sy com- 
paring th^ {processes and strategies involved in the processing routines 
Table 5 indicates the fundamental processes involved in the routines 
for each 6f the tasks .analyzed. The table shows that all •the routines 
involve- aiout the same number;- of different primary processes (10 to 12) 



Furthermore, there is considerable similarity in the primarv processes ' 
involved in the different routines, Sev^n oS these (SCAN, CHOOSE, 



RETRlE^, 



ACT, SELECT, ENCOM, and COMPARE) aro used in evfery routine. 
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*These processes are 'utilized <as part? of s"eccmdar.v or tertiary processes. 
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DESIGNATE, which assigns a particular role (e.g., "^model") to an « 
element for processing purposes, ^Is employed in all the routines 
except for thos.e fpr the. description tasks. All of th'e routines 
utilize spatial*, placement—PLACE, DISCARD, and/or POSITION— to 
represent decisions made about elements. The verbal processes 
DECODE and REPORT are used in some of^the routines for each of the 
basic kinds of ta'sk (description, comparison, sorting and, seriation) . 
The tasks which do not require REPORT do require PRESENT, usually a 
nonverbal presentation of the^ results of a task. SEARCH is utiJjized 
only in tbe description tasks where sets of , standard elements ar 
required. 

The sequencing of tasks on the ba*sis of the, specific processing 

skills involved assumes* that one task requires only a subset of .the 

skills reqviired in another. Although- there is a considerable overlao 
* * * I 

in the specific processing skills required for the tasks analyzed, no 

f 

hierarchical pattern is evident. This is not unexpected since these 

tasks were all selected as terminal tasks^ If additional, en route 

tasks are required, t^ey will have to be selected using a hierarchical 

relat'ionship to the ^ta^ks analyzed in the present paper as a ci;^efion. . 

The processing routines can be used to generate ^such tasks . Portions 

of a routine can offce^n be 'ma^de into separate tasks by adding appropriate 
« ' • * # * • 

input output steps. ' ^ " 

. Consideration of the coordinating ' skills involved in tasks is also 
important in seqUenciYig instruction. For example, the p'rooessing routine 
, for the similarity subset forthation task (Figure 13) involves cho'osing 



one element which is designated* as a model and then comparing it to 
each' of thp other elements, placing those which are similar to it in 
a group and discarding all th^ others. In the sorting tasks (Figutes 
17 and 18)^ this same sequence is used repetitively until arT the 
elements have beeni placed in .some group. Peirformirtg the sorting task 
is not exactly li^^e performing the similarity subset formation task 
several times sj^rtce, in the sorting *£ask, the discarded elements from 
one cycle must be designated as the unused elements for the ,^ext , and 
the recycling must be contingent on- there being qnpl^ed elements. 
However, the subset formation task routine forms the core of the* 
sorting task routine. Considerable positive transfer ^to the learning v 
of the sorting task routines 'would be anticipated from the prior 
learning of the subset formation: task routine. 

" A sharing of common .cjoordinating skills is indicated by the 
occurrence of the same secondary or tertiary process in two^ or more 

processing routines. As indicated in Table 5, every task routine 

, " , '^^^ 

involves tthe COMPARISON secondary process (Figure 3). Th^ sequence 

of primary processing steps involved (RETRIEVE, ACT, SELECT, ENCODE, 

^'and COflPARfi) represents a core of .sjcills ib^ic ^<^-theVperfo™ance % 

of all the tasks analysed. ORDER is/added to the sequence in' the 



SERIATION tertiary process (Figure 4). The similarity^ubset forma- 
tion and so^^ing tasks discussed above share the MATCH tertiary process 
6^igure 5). This process identifies a subset of elements similar to 
a model element on a specific variable. MATCH is also used in the 
element selection task routine. Two gther ta^k routines use a similar 



.tertiary process, MATCH -1 (Figure 6), which .terminates when one 
element haS- been found which matches the model. , 

Th,ree task routines utilise the NONMATCH tertiarv process 
(Figure 7) to determine whether or not new elements differ from all 
members of a 'given sen. This pi^|^ss is part of a strategy common Oo 
the difference subset formation task (Figure 14), the difference 
variabie, identification task (Figu-fe 16) and the second part o'f the 
sorting variable identification task (Figure. 19). This . strategy 
involves the repetitive use of NONMATCH to identify, a set of elem^ts 
all ofjrwhich. differ from one another on a variable, or to determine 
.whether or not a set of elements 'mee,ts that criterion. 

Several tasks require the performer to report, the identity of the 
variable with which tlje task' has been .pai-ried out. The routines for 



/ . > ■ . 

these tasks employ tl/e* INFORM secondary process. -In this process the 

' / 

I \ ^ 

preferred respo nse is to name the variable. However, if the variable 

name cannot be retrieved, values which describe the elements on that 

variable may be usfedXe.g.^ tWe subset formation tasAs, Figures 13 

and 14). r / . - " y , 

In additioa to the sequences of processi/ig steps 'identified as 

secondary or teprtiary processes, c^tain short sequences of primarv 

processes vecxjr in several routines. One such sequence is the SCAN- 
/ • * * 

CHOOSE-DESIGM^TE sequenee which 'arbitrarily designates ope element 



a^ the firso member of a. particuTar subset. In Bome cases j^he element 

i? designated as the^-model, for a subset of elements, all of which will 

^ . / ' . . • ^ 

be similar'/ tcx it on a particular variable (e.g., in the similarity 

subset fomiation task, ^Figure 13). In other cases, the element is 
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- / ' 1 \ _ ' 

Vsitnply irmember which must be taken /qto acoount when any additional 
elements are considered for membership (e.g., in the difference subse^t 
formation task, Tigure 14, and the seriation tasks, Figures 3 and 20). . 

Andfher^ short sec^uence is employed in the routines which recycle 
until all of a se^ of elements has been dealt with. This seqiience ' 
involves a SCAN ^,tep with recycling to a ^CHOOSE step c6ntingent. on ^ 
there being unused elements remaining. This sequence occurs in 
. 13 df the 15 routines and is part , of the MATCH, MAtpH 1 and NONMATCH 
processes. * ^ , - 

RELATIONSHIPS TO HIGHER LEVEL* TASKS , . 

The processing routines for the description tasks ut;ilize COMPVkRISON* 

^with a set pf standard elements. By introducing ordered standards for 

quantitative i>ariables, and then standards representing n unit standards, 

this strategy leads to admeasurement strategy appropriate'^for additive 

variables such as weight, length* force, etc. Finally > the set of 

standards can be replaced by a large number of unit standards (e.g;, 

rods one Inch long) from which th.e observer creates a "standard" which 

matches the given element, on the variable.* Meaguting devices suck as ' 
♦ . — • \/ 

spring scales can be introduced (and calibrated) by observing the 
effects of ^varyin^ number^ of unit standards on the device. 

^ The strategies developed for the sorting and seriation tasks. ^ ' . 

provide components of st;rategies for discovering Simple' relations 

^ * # t , - — ' 

between variables (correlations). The strategy for sorting .a set of 

elements can be employed firstf ^or one variable followed by use of 

the sorting variable identification strategy to identify another 
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Tvariable on which thfe elements were simultaneously boJrted. A similar 

r ' :■ ? 

Strategy could be employed incorporat in^the seriation task strategies. 

Of course the relations discovered would not necessarily hold for 

> 

elements other tftian tho&e observed. Strategies ' for appropriate ^ 
« V ... 

sapipling of s^ts of elements are required f or ^determining the 

A • . 

generality of observed relation's between variables. However, the 

. strategies 4^scribed above would -still be useful in dealing with the 

samples. . , »' . - * 

Th^ designation of a particular element as a model for a subset 
• • • ^ > 

in several of the processing routines is reminiscent pf the ^use of 
an example in the focusing strategies, discussed in the concept attain- 
ment literature (Bjruner et 'al « , 1956) • It is quite {Jo^ssible that the« 
simple "focusing'* strategy described in this paper could be the first 
step in the development of more complex strategies which focus on a 
particular element to systematically generate and/or represent lists of 
variables, hypot^heses, etc. ^ 

One ^f the^ primary reasons for the selection of the tasks analyzed 
in thisv paper as terminal tasks for a primary grade science cuirriculum 

A ' ' \" - • ~ 

was that they function to infori^ the person performing them, i.e., 

. they represent useful inqujlry, tasks. However, unless learning these 

tasks contributed to the perfdrmance of higher leVel tasks further «long 

in the curriculum/ their impaction the total inquiry behavior of the 

leariaer will be minimal. It was anticipated that the tasks selected 
* A \ " * * * ' * ^ 

could^be used to facilitate the learning of routines for higher level 

^ ^ tasks.! The abov^ example;^^ of relations between the routines presented 

\ * * ' ' ' 

in thi^ paper and higher level ta§ks provrtJ^ additional support for this 

• 1 , ^ * ^ - > ^ • 

- assumption. . \^ * . 

ERJC . . ^ • 
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IMPLICAXIONS FOR INSTRUCTIONAL PROCEDURES ^ - - 

The processing routines described above prtDvide direct input 

for designing^ instructional procedures. Three kinds of instructional 

procedures are injmediatel]) apparent:*' 1) demonstration, 2) guided ° 

» 

performance, and 3) task decomposition. As implied by the name, the* 

first procedure involves step-by-step demonstration of^the processing 

routine to. the learner prior to requiring him to execute* it. In the 
' ^* . ^ * 

guided performance procedure, the learner is guided step-by-step 
through the routing P^^io^ to being required to execute, it indepen- 
dently. In the tarskV-tdecomposition procedure, the .learner masters 
a set of suborditiate tasks whicli utilize components of the original 
routine befire he i^s r^^uired to perform the routine in its entirety. 
In many cases, instruction -may usefully, employ combinations of these 
procedures. ^ ^\ ^ . 

Both the 'demonstration and\uided performanpe procedures can 

- I 

vary in the level of .detail of verbal information provided as - 



ions/ In the pasff of -demonstration, the 



explanations or .instructic 

t 

verbdl information would direct attentioji to what the demonstra.tor 
is^oing. In the 'case of guided performance, the verbal information 

• , •• J. 

would inform "tKe learner, ir\ the context of the item, what to do next. 

Consider the similarity subset formation task routine (Figure 15) 

as an example. Demonstration and guided performance instructional 

procedures for this poutine are illustrated in Table 6. - The item • 

> 

involves forming a subset qf^sea shfells having the same shape.* 
Much the same verbal information is provided for the ,t;wo procedure^. 
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TABLE 6 

, SAMPLE DEMO^fSTR^TION AND' GUIDED PERFORMANCE INSTRUCTIONAL 
PROCEDURES FOR THE SIMILARITY SUBSET FORMATION TASK • 



Demonstration Procedure 

1 



Guided Performance 
• Procedure 



A g^Tj^up of sea shells is presented. . 

"J 077? going to find some ^shells .which 
-are the same shape. " 

"first I am goinci to choose one shell 
to use as a model. " 

A shell is chosen. 

* * « 

"Now I can find th^ ones that are *the 
same shape as my model." 

"I'll find anothex* shell unS, see if it 
y^is the same shape as my model." 

A second shell '^is chosen and compared 
to the model. \ 

"This shell^is the sc^e shape^as the^ 
model, BO I will put it in a special 
place ^right in front of me." 

• The shell is placed in front of tH^ 
demonstrator^'but. apart from the 
unuSed shells. 

✓ 

"It is not the ^ same shape as the model 
60 ? will put it off to' tHe side so 
5" won't choose -it again." 

The she^l Is placed to^ the side; well 
away from the unused shells/ 



etc* 



r 



A gjoup of sea shells is presented. 

"I am going to help you to find some 
. shells which are the same shape." 

"First y choose one shell to use as 
a, model. " ' . 

A ^hell is chosen. 

"Now you can find the ones that are 
the same shape as your model. " • 

jll^"Find another shell and see if it is^ 
the same shape as my model." 

A second* shell is chosen and comoared 
to the mode 



d^. 



When .all 'the shells have been compared 
witb the model, the last paitt of the 
roptine is carried out. 



"Is It the same shape ds the model?" 

Yes ^ "Put it in a special place 

^ right in front of you." 

No "Put it off to the side so you 

won't choose it again." 

The learner puts the shell in the 
appropriate location* ' 

etc. 



I 



When all tlje shells-have been comoared 
with the standard, the last part of the 
routine is carried- out. ^ 
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Demonstration Procedure 



Guided Performance 
Procedure 



^he^e are no mere shells t*o at.*" 



"r/:c^ model ie- the sme shave as all 
tkes^e^ so I will put it h^rey -too."^ 

*'*All these shells have the sar,^ shape.'' 



"A^e, there an-^ more shells to loo'^ 
at?'' ^ lid ^ ' 

"The model is the sane shape isis all 
those in the sveaial place ^ so uou 
. can put it there too." . 

"Show^me some shells which have the 
sane sh-ine. " 



Demonstrator g^s-feiifes, indicating; the 
shells^^JLaxred^ together in front of him. 



The .learrter gestures, indicating the 
shells placed together;- in froRt of^-him. 



ERIC 



ed 



inc 



The illustrated procedures 
learned about the shape va 
a task decomposition proc 
could be for^d which did 
any recycling; it woulS i 
pimple input and output s 
Figure 23. 

It is quite likely 
proc^^res will be useful 

I - ' ' 

The processing routines* sh 
instructional alternatives 



assumed that the learner had previously' 
riable. If this were not the* case , -thert 
ight be ^emp 



ure might be ^employed. ^ A task routine'" 
not require DESIGNATE, PLACE, DISCARD, or 
lude -j^t the COMPARISON process and some 



tep 



that 



^ith the tasks -analyzed in this pap^. 

ould prove very useful in generating 
( ft • 

using these kinds of procedures. 



A 
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V • - 



s. . Such a routine is illustrated in 

# 

all these kinds of instructional . 



2' . 
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INPUT: variable 
yname, Eleiaent k^j 

'.Element B, 
same 



DECODE 






variable 




name * 







.SCAN 
elements 



perform 
COMPARISON 
on Element 
A, ,and- 
Element B 
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TN 2-71-12. Edward L. ^Smith and K. Roger Van Horn. Conventions for 
Analyzing Skill Areas in the K-3 Curriculum ,' J^u&ust 9, 1971. 

Conventions are presented for yse in analyzing instructional 
outcomes in portions of K-3 science, mathematics, and x:ommunica- 
tion skills. Based on the conventions, thte^operations commonly 
required in K-3 sci-ence, mathematics, and communication skills are 
defined: a) description; b) application of relationaj^ rules; and 
c)» application of rule^ of correspondence. Outcomes can be ana- 
lyzed in terms of the events, objects, or other elements with which 
children are expected to deal, and 'the operations which children 
are expected to perform. Set and matrix notation^l conventions 
are 'also presented. * ' 

fTN 2-72-5«. .Edward L, Smith and Janis J. McClain. Content Analysis of 
Selected. Primary Level Units of the Science Curriculum Trnprovement 
Study , December 7, 1972. * 

To* evaluate a method of content analysis,- and as a step toward 

the specifioation of a conceptual domain for*primary level science, 

extant instructional programs were analyzed-. .This paper repbrts 

.an analysis of the introductory unit and three biological scienc'e 
units of the Science Curriculum Improvement Study. The background 
of the program ^nd the procedures for the analysis are described."^ 
The conceptual contentl is sumn^arized. Problems encountered in the 
analjjsis .and their implical;ions for subsequent analyses are 

* discussed: 

,TN 2-72-591 .Janis J, McClain. Content Analysis of Selected Units of 
tke RiratH:^tade Canaeyts dn Saience Program , December 19, 1972. 

r * 

To ftirther evaluate a 'method of dontent analysis and aid in 
identifying scientific concepts appropriate at the elementary 
level, sc^ience materialj.n a standard textbook was examined, 
^ ^ The present paper reports and ^.summarizes the analysis of, sections 
'^^l^ the California state-adopted textbook series. Concepts in 
^^mde*^ The con(ieptual s.tripcture of tke program is described and 
\, compared vith the structure df the previously analyzed Science 
^iut>Mcnilm Trnprovement Study S^'i^tohlems encountered in the me'thod 
. <\tv aiva lysis lare reported. * \ 

TN 2 -73-4jOf;;\ Edward L. Smith. Toyfe'rd a Scientific Inquiry Program 
Architecture . November 26, 1973. 

This pat>er presents an overview of a scientific' inquiry p^rogram, 
describes the components of the architecl^ure* that have been com- 
pleted, $nd outlines further design and development steps. 



-205- 



